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phosphoELISA™ Assays 


Uncover apoptosis: a sensitive and 


sensible approach 


Invitrogen BioSource™ phosphoELISA” assays for studying apoptosis 


‘Apoptos’s, or programmed cell death, is essential to the development, Immunological competence, and homeostasis of living things, It has 
become one of the most widely researched cell processes in biology, with over 1,200 articles published monthly in the past year alone. 
Induction of apoptosis unfolds a cascade of events that tilagers the activation of effector caspase proteases. Caspase proteases then cleave 
poly (ADP-ribose) polymerase (PARP), & 116 KDa nuclear protein typically involved in DNA camage cetection and repair, between Asp214 and 
Giy215, This cleavage produces the p85 and p25 fragments, effectively eliminating DNA repair by PARP during apoptosis and committing the 


cel to the apoptotic pathway (Figure 1) 


Many assays designed for examining apoptosis ely upon the 
activation of caspases. However, caspase proteases are rapidly 
degraded, making them dificult to detect and often overlooked 
by existing methods, Fortunately, there are other targets avallable 
for measuring apoptotic activity. Since PARP cleavage plays a sig- 
nificant role in apoptosis, PARR, p25, and p8S are ideal markers for 
these assays 

Invitrogen’s Cleave PARP [214/215] phoxphoELISA™ Kit is 
Gesigned to detect and quantify ultrasensitive levels of the human 
PARP p85 fragment. Conveniently packaged as a ready-to-use kit it 
provides sensitive quantitative results in only four hours. In fact, the 
Cleaved PARP [214/215] phospho€LISA™ Kit can detect apoptosis in 
{5 few as 50-100 cells, making it 100x more sensitive than caspase-3 
protease assays (Figure 2) anc 10x more sensitive than westem blot 
detection (Figure 3 

Now you can decisively uncover apoptotic activity In your 
experiment with the Cleaved PARP [214/215] phosphoELISA™ Kit 
To lean mote and find additional apoptosis related products, 
Visit wwwinvitregen.com/blasource. Your search for apoptosis 
solutions is over 
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Figure 2—Senstivty comparison of the Cleaved PARP [214/215] phosphoE ISA Kitto. 
8 caspase protease assay. urha cells were treated with 1 uM staurosporine for 
3 hours. Cell extracts were prepared. Cel iysates were serially disted and ana 
lyzed wih the Ceaved PARP (214/215 phosphoELiSA™ Kit (Cal. no, KHOO?) 
‘and Caspase:3 Colorimetric Kit (Cat. na. KHZ0O21), The amount of cl Isat 
ssayed was plotted against the comesponding OD. signa 


Figure 3—Detection of cleaved PARE [214215] by LISA and western blot. Jurkat cells 
‘were tested with staurosporine. The amounts of cell iysate used in western 
blotting ard HSA are indicated, Different amounts of cell lysate were used due 
tothe much higher senstvity of ELSA The bands shown In the western blot- 
ting data were developed using rabbit anti-cleaved PARP (214/215) (Cat. no, 
44-698) and an altaline phosphatase-conjugated anti~rabbitigG followed by 
‘chemiluminescent substrate and autoradiography. 
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PERSPECTIVE: Extrasynaptic NMDA Receptors Reshape Gene 
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|. Medina 

Activation of synaptic or extrasynaptic NMDARS produces different 
(gene expression profiles, which may explain their distinct roles in 
‘neuronal survival and death, respectively 
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Magnetic Misalignment 


The two Voyager spacecraft detected a series of radio sources 
that lie just beyond the heliopause, the outer extent of the 
solar wind~inflated bubble that encases the solar system, 
These radio sources may originate from the intersection of an 
interplanetary shock with the heliopause, but model studies 
have required assumptions about the direction of the inter: 
stellar magnetic field in this region. The orientation of the 
local field introduces asymmetries that affect the location of 
radio emission and the streaming direction of ions from the 
termination shock of the solar wind. Others have assumed 
that the magnetic field is aligned with the galactic plane, as 
it is on large scales in the Milky Way. However, by comparing 
a magneto-hydrodynamic model of the heliosphere with Voy 
ager observations, Opher et al. (p. 875; see the Perspective 
by Jokipii) show that locally the interstellar magnetic field is 
misaligned by 60° to 90° relative to the galactic plane 
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Your Genes and Privacy 


THE GENETIC INFORMATION NONDISCRIMINATION ACT (GINA) LANGUISHED IN 
past Congresses for 12 years. But finally, new leadership in the House of Representatives has 
‘given the bill its best chance to become law since its introduction in 1995, On 25 April, GINA 
passed the House by a vote of 420 to 3, The act will prohibit health insurers from denying 
‘coverage or charging higher premiums to 3 healthy individual solely because they possess a 
genet the future. It will also bar employers from using 
‘genetic information in hiring, firing, job placement, or promotion decisions. 

‘Over time. the need for GINA has only grown, We stand on the verge of some of the most 
stunning breakthroughs in modern medical history. The completion of the sequencing of 
the human genome enables researchers to identify genetic markers for a variety of chronic 
health conditions, offering a new approach to treat and prevent diseases. But without federal 
juars in place, the promise of genetic research will not be 
realized. Fear is the obstacle that must be overcome: fear that 
‘our personal genetic information could be abused and prevent 
us fom getting the health insurance we need and the jobs We 
‘want, To benefit from gene-based medicine, the public's fear of 
genetic discrimination must be eliminated, and Congress has a 
responsibility to help allay the public's concerns 

Instances of genetic discrimination in the United States 
have already occurred. In the 1970s, many African-Americans 
were denied jobs, educational opportunities, and insurance 
based on their status as carriers of sickle cell anemia, In 2000, the Burlington Northern Santa F 
Railroad performed lests on employees without their knowledge during an attempt to 
undermine a worker's compensation claim by proving that carpal tunnel syndrome has a genetic 
basis. And in 2004, a U.S. Department of Health and Human Services committee heard powerful 
testimony from victims of workplace and insurance discrimination. As a result of cases like 
these, public concem is palpable: In a 2006 survey, 66% of respondents reported worries about 
storage of and a information, 72% agreed that the government should 
‘establish laws and regulations to protect the privacy of their genetic information, and 85% said 
that employers would use such information to discriminate unless current law was amended. 

Genetic discrimination is, of course. inherently unjustifiable and illogical. Having a genetic 
predisposition toa disease in no way guarantees that it will develop. and virtually ll of us have 
some bad genes that could potentially manifest in illness. As a result, discrimination based on 
‘one’s genetic makeup alone could logically be extended into a form of discrimination against 
‘everyone. But what is more, the unease the public feels concerning how their genetic information 
ill be used has a deeply negative impact on public health. 1 individuals are afraid of suffering 
discrimination atthe hands of employersand insurance companies, they will be less likely to get 
genetic tests and receive needed preventative treatment. In the cases of breast or colon cancer, 
this could mean life or death. 

Pethaps worst ofall, genetic research is being stifled. Large samples of individuals must 
participate in genetic research studies to make them valid, and potential participants will hesta 
if they fear losing their jobs or health insurance. Francis Collins, head of the National Human 
Genome Research Institute. and James Watson called attention to this problem in a 2003 Science 
editorial. writing that genetic discrimination will “slow the pace of the sciemtifie discovery that 
Will yield crucial medical advances” by resulting in studies based on “a self-selected group that 
could skew research results” 

The responsibility of Congress to address the threat posed by genetic discrimination makes 
GINA’ recent passage in the House significant. Because similar bills have already been 
approved by the Senate on two previous occasions, and because President Bush supports the 
proposal. its future looks bright. On the day that GINA is signed into law, an insidious form of 
discrimination will disappear, opening the door to a field of scientific research that holds as 
much promise as any in medical history 


~ Louise M, Slaughter 


20.2126/acience.1144588 


www.sciencemag.org SCIENCE VOL316 11 MAY 2007 


797 


Keep a dozen on hand 
for your PCR challenges 


—<s _ - . 


Using a unique blend of thermostable enzymes and a set 
of 12 standardized premixes, optimization of any PCR 
reaction is quick, easy and reproducible. 


he FailSafe™ PCR S' r - 
* Up to 85% GC-rich templates 
* Any templates up to 20 kb 
* Multiplex PCR, consistently 
* Low copy number templates 


Never FAW 


Fala” oxy oat Complete Optimization in a Single Run 
fseunees ren wa Dol Eran Qeee 


Fete 21 Potes 


‘Amplification of an 80-85% GC-rich regan of 
the human fragile X gene. POR was performed 
sing the FaifSate™ POR System. Lanes AcL 
stow the amplifcation products resulting from 
PCR using the 12 FaiSafe PCR Preble. M 
molecular weight marker Opsmal amplitea 
aPremts @ ‘ton was obtained with FailSafe POR PreMlix J 


~ - ’ 
EPICENTRE offers a money-back guarantee for successful PCR with one . 
or more PreMix. If you're not happy, you don't pay. “~~ 
- a ‘ 
Fike To order yours, go to www.EpiBio.com . f 


Eat + and enter Quick 


ATMOSPHERIC SCIENCE 
Sourcing Methane 


Methane is a powerful trace greenhouse gas, ec: 
‘ond in importance only to carbon dioxide, and 
exerts an important influence on climateand 
atmospheric chemistry, Both anthropogenic and 
natural sources contribute substantially to the 
global methane budget. Recently, Keppler et al. 
claimed that terrestrial plants could produce large 
‘amounts of methane in aerobic conditions, an 
‘unexpected finding tha, if true, would necessitate 
‘a major revision of our understanding of the 
methane cycle. Dueck et al. measured aerobic 
methane emissions from si different terestial 
plant species by employing a carbon-isotopic 
labeling technique for quantification. They found 
no evidence for substantial methane emission in 
any of the species, ether instantaneously by con 
tinuous flow measurements or over the course of 
6 days. They thus concluded that terrestrial plants 
are not an important source of aerobically pro 
duced! methane on a global scale. — HIS 
Nature 439, 187 (2006); New Phytol. 
1011114.1469-8137.2007.02103.x (2007). 


microsiotocy 
Building from the Inside Out 


The evolutionary origins of complex organs, 
which in their current state of assembly feature 
many distinct components that apparently have 
no function in isolation, have long been 
debated. Liu and Ochman have unraveled the 
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Not So Cozy 
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EDITED BY GILBERT CHIN AND JAKE YESTON 


Habitable Earth-like planets must form just close enough to 
their parent star for liquid water—and hence life—to exist 
on their surfaces. Any closer and surface water would be 
boiled off; any further and it would freeze. Moreover, stars 
must be at least as long-lived as the Sun for habitable plan- 
ets to form around them, Red dwarfs offer possible suitable 
sites: They are both the most common type of star in the 
Milky Way and also, being smaller than the Sun, exceptionally 
long-lived. However, Lissauer argues that red dwarfs may not 
be so hospitable afterall. Because red dwarfs are faint, their cur- 
rent habitable zones lie very close to the star. Billions of years ago, 
though, the star would have been much hotter, and so if a planet 
place then, its volatiles would have evaporated quickly. 
Also, the debris left over from disks around such star systems is rel 
confined, and so any planets would have been buffeted by collisions with many 


ively 


asteroids, causing water and volatiles to be lost. — JB 
‘Astrophys. J. 660, (149 (2007)10.11114,1469-6137.2007.02103 x (2007), 


history of the origins of bacterial flagella by 
using a phylogenetic profiting method applied 
‘across whole genome sequences to identify a set 
of 24 core genes in the common ancestor of 
bacteria. The members of this core set were 
probably derived from a single gene that had 
undergone a combination of successive duplica 
tion, loss, transfer, and diversification events. 
The evolution of the flagellar components 
apparently followed 
the present-day 
order of assembly, 
with the oldest pro: 
teins (the rotary 
motor) being those 
proximal to the bac 
terial inner mem: 
brane and the most 
recent (the filament 
monomers) being 
the most distal. 
Hence, the flagel: 
lum probably 
started life as a sim 
ple proton-driven 
transporter that 
evolved into a more 
elaborate secretory 
apparatus—of a sort 
still found in bacteria today in the form of the 
type Il secretion system—and finally into the 
self-secretory motility organelle of modern 
species. —CA 

Proc. Natl Acod, SG. USA. 104, 7116 (2007). 


£. coli flagella. 
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PSYCHOLOGY 
Pas des Yeux 


Adialogue, though generally understood to be a 
conversation between two people, allows for 
much more than the mere exchange of verbal 
information. Linguistic for example, syntax) and 
‘nonlinguisic (for example, body postures) tel: 
tales develop and become synchronized as people 
talk and tsten. Visual attention is another dimen: 
sion in which behavior can become coordinated 
as when a listener's gaze is directed toward an 
object of mutual interest by pointing, 

Richardson etal. show that the eyes of con: 
versants—who are looking atthe same scene but 
ate not within sight of each other—tracked the 
same objects within the scene for several seconds, 
starting from the time at which the speaker began 
tofixate on the object before talking about it and 
including the time taken by the listener to sac 
cade to the object after hearing what the speaker 
had begun to say. Another important contribution 
to the coordination of visual attention comes 
from having a common ground of understanding. 
Conwersants looking at a Salvador Dati painting 
were more likely to exhibit synchronized eye 
‘movements if they had previously heard the same 
introduction, either to the painting itself or to 
Dali’ life, as compared to pairs of conversants in 
which one had heard about the painting and the 
‘other about his life. — G}C 


Psychol. Sci, 8, 407 (2007) 


Continued on page 801 
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Innovative Solutions for lon Channel Research 


Puzzled over who will meet your ion channel research needs? Look no 
further, We have the most extensive line of innovative products for ion 
channel research 
Subunit selective antibodies 
Toxins 
Inhibitors and activators 
RNA libraries 
PCR/Amplification Reagents, Quantitative PCR, Real-time PCR 
Cloning Systems, kTransfection Reagents, Competent Cells, Expression Vectors 
Cell Culture Media, Supplements, Growth Factors 


Sigma is the Solution. 


Visit sit s for more information. 


‘Accelerating Customers’ Success through Leadership in Life Science, High Technology and Service 
SIGMA-ALDRICH CORPORATION # BOX 16508 + ST LOUIS + MAESOURIGSI7S = USA 


INNOVATION @ WORK 


Sigma also offers these 
convenient online tools 
for your research: 


Antibody Explorer 


Sigma-RBI Handbook of 
Receptor Classification and 
Signal Transduction 


sigma.com/ehandbook 


Pathfinder Interactive 
Pathways 
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<< Just the Right Amount of Guidance 


Dysfunctional signaling by the neurotransmitter serotonin (5-H1) is 


associated with psychiatric illnesses such as ans orders and 


depression. These conditions may reflect abnormal signaling at 


idult brain or changes that have o« 
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pathfinding by thalamocortical neurons. Bonnin etal. pra 
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thalamus of mice, axons are normally attracted to HEK: 
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SPOTLIGHT: SINGAPORE 


Renowned Cancer Researcher Sir David Lane Leads 
the Singapore Institute of Molecular and Cell Biology 


Sir David Lane is on 


of the sc 
discovery of the tumor suppressor pr 


entis 


s credited with the landmark 


in p53. His research focuses 


on the study of this protein, including ways to use the p53 system to 


develop newt 


Executive Director of the Singapore Institu 


tments for cancer. In 2004, Sir Davic 


named the 
of Molecular and Cell 


titute of the Agency for Science, Technology 


Previously, he 
arch UK Cell Transformation Research Group and Professor of 
Dunde 

biotechnology company Cyclacel Ltd., a 
rr of the Year” by the Entrepreneurial Exchange in 2001. 


Res: 


Oncology at the University ¢ 


Entreprene 


was Director of the Cancer 


land. He founded the 


was named “Emerging 


Sir David was knighted by the Queen of England in 2000 in 
recognition of his contributions to cancer research 


What did discovery of the p53 
tumor suppressor gene mean 
for the field of oncology? 


It led to the realization that there 
was a common step in human 
cancer, and it created a major field of 
work. More than 40,000 papers 
have now been published on p53, 
and the pathway has been shown to 
be critical in protecting us from 
developing cancer. The finding that 
p53 is activated by cellular stress has 
greatly enhanced our understanding 
of cancer as a disease of defective 
signaling. Its also leading to major 
new efforts in drug discovery. 


What recent developments 
in your laboratory are you 
excited about? 


We have recently made great 
progress discovering new isoforms 
of p53 that regulate its activity in 
development, and we are especially 
excited about using the Zebra fish 
system to study p53. This allows 
powerful new genetic methods to 


d 


be applied to some of the most 
difficult problems in the field. Also, 
‘our new studies in developing small 
molecules drugs to modulate the 
p53 pathway are exciting. These 
experiments make us increasingly 
optimistic about a new generation 
of anti-cancer drugs emerging from 
the p53 field. 


Tell us about IMCB, A°STAR's 
Institute of Molecular and 
Cell Biology? 

IMCB was founded in 1987. It is a 
great international institute with 
investigators from 20 or more 
countries all working together. Our 
major research areas are in cell 


biology, developmental biology 
cancer and infectious disease, We 
now have more than 40 research 
teams and several support 
laboratories. The Institute's scientists 
publish in the top journals and IMCB 
won the Nikkei prize for innovation 
in 2000. 


What do you hope to 
accomplish in your role as 
IMCB‘s executive director? 


Ihave two main goals. Excellence 
comes first, and | am delighted by 
‘our very successful international 
recruitment of senior staff over the 
last couple of years. This proves that 


internationally 
competitive at the highest level 

My second goal is to bridge the gap 
between invention and application. 
With the great resources of the 
Biopolis, we will be able to take our 
discoveries closer to market, 
enhancing their chance of success. 


Does Singapore present 
unique opportunities for 
cancer research in general 
and your work in particular? 


Ihave never had better resources or 
more freedom to do my work. We 
have superb facilities and we have 
been able to recruit very hard- 
working and dedicated young 
scientists to work and train with 

us. The Zebra fish expertise is 
‘outstanding at IMCB, and this has 
been further enhanced by Neal 
Copeland and Nancy Jenkins’ arrival, 
which gives us a world-leading 
position in cancer genetics using 
mouse models. 


Are there particular aspects 
of Singapore's biomedical 
sciences hub—the Biopolis— 
that will help drive the 
process of scientific 
discovery forward? 


The key factor is the focus it 
represents. You are constantly 
meeting people from other 
institutes and from the industrial 
companies at the site. It'sa real 
critical mass. It has also become a 
focal point for meetings and 
international visitors. This creates 
great buzz, which creates a vital 
atmosphere that nurtures 
innovation and discovery. It's 
wonderful to sit out in the evening 
in one of the bars or restaurants at 
the Biopolis and swap ideas with 
other scientists. 


What else about Singapore 
drew you to work there? 


Iwas very interested in how 
Singapore works. It seems so 
efficient compared to most countries 
and I wanted to understand how this 
is managed. It also seemed a very 
exciting thing to do, to live in 
another country and experience 
something of Asia. | really love the 
people here. Singaporeans are very 
kind and welcoming, and it’s a great 
cultural mix. 


Are there other areas of 
research in Singapore that you 
find especially significant? 


Some of the work on stem cells 
looks very promising, and it's a 
great field. | am excited by the push 
in immunology because | did my 
PhO in that subject. | am very 
impressed by the work of Genome 
Institute of Singapore in high 
throughput analysis of gene 
expression and in expression 
signatures for disease analysis. The 
Institute of Bioengineering and 
Nanotechnology and the 
processing Technology Institute 
are also making big contributions, 
with fascinating work on new 
materials and on cell production. 


Who are some of the 
biomedical scientists 
working today you 
particularly admire? 


The listis very long! Nobel Laureate 
Sydney Brenner, who helped set up 
IMCB in 1987, has been wonderful to 
interact with and has great insight 
into how to create an environment 
for innovation. Neal Copeland and 
Nancy Jenkins, Philip Ingham and 
Jean Paul Thiery—our new recruits 
to IMCB—all have truly amazing 
track records and very hot new 
results. And this is just to mention 
afew. 


See you in Singapore at: 


Healthcare Information 
& Management Systems 
Society (HIMSS) 
May 15-18, 2007 


wwwhimssasiap 


27th International 
Epilepsy Conference 
July 812, 2007 

ww.epilepsysingapore2007.0rg 
AIGS World Glaucoma Congress 
July 18-21, 2007 


wwwalobalaigs.org 


18th WONCA World Conference, 
Genomics & Family Medicine 
July 24-27, 2007 
www.wonea2007.com 
American Association for Cancer 
Research (AACR) Centennial 
Conference: Translational 
Cancer Medicine 

November 4-8, 2007 


World Healthcare Congress Asia 2008 


For more information, contact: 


Singapore Exhibition & 
Convention Bureau 


1156 Aven 
Suite 702 


of the Americas 


New York, NY 10 
(212) 302-4861 
newyork@stb.gov.sg 
5670 Wilshire Blvd. 
Suite 1550 

Los Angeles, CA 90036 
323) 677-0808 
losangeles@stb.gov.sg 


www.visitsingapore.com/businessevents 
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Someday, a researcher will make the breakthrough discovery 
that leads to the final victory in the fight against breast 
cancer. When that great day comes, we hope to have played 
a supporting role. To learn about scientists making significant 
discoveries today, visit www.promega.com. 
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“The Digital “Online Books 
Library” and Courses” “Publications” “Conferences” 


‘ny ws ‘Benjamin Mako Mt Maria Kiawe 


Hard Facts About 
Our Planet 


One knock against Wikipedia and other user: 
written resources is that you don't know whether 
am article was penned by an authority or some 
high school dropout tving in his parents’ 
basement. By handing the writing 
and editing over to experts, the 
Encyclopedia of Earth aims to 
provide that accountability The 
reference is the centerpiece of the 
‘new Earth Portal, sponsored by the 
nonprofit National Council for Science and the 
Environment in Washington, D.C 
The 150 oF so authors—who include Ph.Ds, 
teachers, lawyers, and other specialists —had to 
submit their credentials for approval, and their 
work is vetted by an editor conversant withthe 
field. You can browse the more than 2000 articles 
to learn how the body expels toxins and why the 
global “dust budget, "a tally of how much dust 
‘enters and leaves the atmosphere, is important 
for climate forecasting Earth Portal also offers 
a news section and a discussion forum. 


Belugas on the Brink 


The belugas of Alaska’s Cook Inlet are a 
‘genetically distinct population that has probably 
been isolated for several thousand years, 
Now the numbers of these toothed white whales 
(elphinapterus leucas) have dwindled to only 
302. They are likely to disappear within the 
century unless the 
federal government 
lists them as 
endangered, says 
the National Marine 
Fisheries Service, 
which proposed the 
listing on 19 April 
‘We don't have 
a fixyet on why these belugas are declining, 
says Rod Hobbs, a marine mammal biologist 
at the National Marine Mammal Laboratory 
in Seattle, Washington. Possible causes are 
pollution, habitat loss, or a shortage of salmon, 
their preferred food 
As recently as the 1980s, an estimated 
1300 belugas swam in the inlet. Subsistence 
hunting by native Alaskans took its toll, but 
tighter hunting regulations put in place in 1999 
did not stop the population from shrinking 
by more than 4% a year. ‘We thought the 
whales would have shown signs of recovery by 
now,” says Hobbs, but hunting seems only to 
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EDITED BY CONSTANCE HOLDEN 


IN A CEREMONY LAST WEEK IN WASHINGTON, D.C., the German government turned 
over a map known as ‘America’s Birth Certificate” to the Library of Congress, which has 
purchased it for $10 million from a German prince. Created in 1507 by Martin 
Waldseemiiller, it’s the first map to feature the name “America” and the first to identify 
the Pacific Ocean asa separate body of water. This map, printed from 12 wooden plates, 


is believed to be the only remaining copy. 


have “masked the real problem.” He notes that 
hunters have also reported a decrease int 
belugas’ blubber content. 

More-detailed studies of the whales are 
planned. Once t 
hunting will be banned, and a recovery plan will 
be developed to bring back the population to 
about 780 animals 


are listed as endangered, 


Chinese Orchid Craze 


‘At an orchid show last month in Shaoxing, 
eastern China, a plant sold for about 
$175,000 (1.35 million yuan). 
The record-breaking sale gave a 
‘glimpse of a litle-noted offshoot 
‘of the Asian economic boom: 
Orchids in China “are like Dutch 
tulip bulbs in the 17th century,” 
says William Rhodehamel of the 
Hoosier Orchid Co. in 
Indianapolis, Indiana, 

The Chinese export (or 
smuggle out) many of their 
1200 native orchid species. 
But there's only one brand they 
themselves get excited about 
says botanist Holger Perner, 
‘an orchid expert at Huanglong 
National Park in Sichuan. That's 
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the Oriental cymbidium, valued since the time of 
Confucius. Nowadays, Perner says, dealers will 
speculate with “Super cymbidiums,” buying a hot 
specimen as the pric ising and making mit 
tions from selling pieces ofthe multiplying plant 
Priciest ofall are strange-tooking plants 
not necessarily favored by the Western eye 
that result from natural mutations inthe wild 
“In order to find a single rare mutant, entire 
populations are stripped from the wild county 
wide,” says Perner. In China, few plant species 
are protected, and iti legal to collect most 
orchids in the wild. A new law to protect 
cymbidiums isin the works 
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THE MONSANTO EXPERIENCE 


‘At Monsanto, we're passionate about using science and technology to improve agriculture. 
We invest about $1.5 milion a day to look for and bring to market the innovative 
technologies that our customers tell us make a difference. I's research that's about more 
than just biotechnology. We use many tools — like genomics, conventional and molecular 
breeding, crop analytics, animal productivity, chemistry and biotechnology — to bring 
forward new products to answer our customers’ needs, in turn, providing benefits to not 
only the farmer, but processors and consumers, as wel. 


‘AtMonsanto, we believe in - 

INNOVATION IN AGRICULTURE 

Advanced science and innovative technology are at the heart of our company. We are 
‘committed to developing science based solutions to make our farmer customers more 


productive and profitable. Our employees are making a difference by feeding the world 
while preserving the environment. 


EXCELLENCE 
People at Monsanto are driven to do extraordinary things and are dedicated to being the 
best in our industry, 


GREAT WORKING RELATIONSHIPS 
Monsanto is team based with highly qualified professionals sharing knowledge, creating 
great place to work and allowing employees to take ownership for results. 


To learn more about Monsanto, our passion and our opportunities, 
visit www.monsanto.com, 


Come grow with us. 


MONSANTO 
imagine 
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FOLLOW-UP 
STOPGAP. The California Institute for 
Regenerative Medicine (CIRM) has decided that 
two interim heads can do the work of former 
president Zach Hall until it finds a permanent 
replacement for him 

Hall stepped down on 30 April, more than a 
month ahead of schedule, citing his health and 
“contentious” debate over the timetable for a 
$222 million construction program (Science, 
27 April, p. 526). On 2 May, the governing 
board divided up Hal’sjob, giving “co-equal” 
appointments to Chief Financial Officer 
Lorraine Hoffman and Director of Scientific 
Activities Arlene Chiu, Hoffman, who joined 
CIRM last November, has an extensive back 
‘ground in both housing and finance. Neuro- 
biologist Chiu, recruited 2 years ago from the 
National Institutes of Health, wil serve as 
interim chief scientific officer. 

The board plans public hearings on the 
controversial construction program. The search 
continues for Hal’s replacement. 


MOVERS 

IN A NEW SPACE. When the United 
Kingdom's Royal Institution began refurbish- 
ing its historic headquarters in central London 
in early 2006, Richard Catlow, head of R's 
famed Davy Faraday Laboratory, moved his 
research group to University College London 
(UCU, But it emerged last month that the 
inorganic chemist and his team members had 
decided to stay at UCL. Their shift leaves 

Ri Director Susan Greenfield with the challenge 
of filing a lab once home to luminaries includ- 


Got a tip for this page? E-mail people@aaas.org_ 
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GIFT OF HISTORY. Physicists working in industrial labs invented the 


the silicon microchip, and numerous other technologies we take for 
Now, the stories of those pioneers will be recorded, thanks to a brother's gift. 
To honor former Executive Director Mare Brodsky. 68, the 
Money American instiute of Physics (AIP) is rasing an endowment 
Matters industrial physicists. Much of the $90,000 collected so far 
came from Mare’ brother Julian in a gift unveiled at Marc's 
retirement partyin March. “I don’t know how they kept ta secret." Mare says, 
“[ was supposed to know everything that was going on [at AIP].” Mare (right 
in photo) worked at IBM for 25 years before joining AIP in 1993, and under 
egan collecting such interviews in 2002, That effort will 


now continue indefinitely 
“I know Mare has very much enjoyed his stay at AIP, and I thought this was 


says Julian, 73, who co-founded the 


an appropriate way to commemorate him: 
npany. Juli 
1991, a fire destroyed Comeast’s archives, prompting company officials to 


Comeast cable television ce n knows the valu 


of oral history: In 


interview dozens of longtime Comcast employees, 


Department ofthe interior (DON), Julie 
MacDonald, deputy assistant secretan 
Wildife, and Parks and a civil engineer by 
training, had pressured scientists atthe Fish 
and Wildlife Service to weaken protection for 
species, according to DOI's inspector general, 
which last month also concluded that she had 
violated federal rules by leaking internal agency 
documents to lobbyists Science, 6 Apri, p. 37). 


ing chemist Humphrey 
Davy, electromagnetic 
pioneer Michaet 
Faraday, and crystallog 
raphers William and 
Lawrence Bragg. 

Over the past couple 
of decades, the lab has 
concentrated on solid 


state chemistry, most recently under Catlow’s 
directorship. For the past 10 years, Catlow’s 
group has worked closely with UCL colleagues. 


‘MacDonald resigned the same day that 
Senator Ron Wyden (D-OR), citing concerns 
‘about her actions, put a hold on the pending 


confirmation of her boss, Lyle Laverty. Wyden 
hasn't yet released the hold, however. “Its, 
‘not an isolated incident, and he wants some 
assurances that this won't happen again, 
says a spokesperson. Francesca Grifo of the 
Union of Concerned Scientists recommends 
that DOI ensure that its scientists get a final 
review of their work and says it should 
increase transparency. 


“Our work has become more UCL-centric, 
‘and it made sense to consolidate here,” 
explains Catlow, who has headed UCL’s 
chemistry department for the past 5 years. 


POLITICS 

FISHED OUT. A Bush Administration official 
criticized for heavily editing scientific reports on 
‘endangered species resigned last week from the 


On Campus >> , 


OPENING UP. German physicist Romano Rupp of the University 
of Vienna in Austria has become the first non-Chinese person to 
be named science dean at a Chinese university. Next month, 
Rupp will take charge ofthe Teda School of Applied Physics at 
Nankai University in Tianjin. 
Rupp’s appointment is part of a housecleaning by Nankai's i 
new president, structural biologist Rao Zihe, who is replacing 
14 of the university's 22 deans. Rupp, who has been a visiting 
professor at Teda for many years, says his appointment “sends a signal that positions at Nankai 
are fully open to the international community of researchers.” Three ofthe nine deans already 
‘announced are expatriate Chinese from the United States, whereas the others are homegrown. 
Rupp, who studies optical storage and neutron physics, wil retain his current job as a physics 
professor and divide his time between Vienna and Tianjin. 
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IPCC Report Lays Out Options for 
Taming Greenhouse Gases 


BANGKOK—Reining in climate change won't 
bankrupt the world economy and won't require 


technological miracles, But we'll have to start 


soon, That is the mostly upbeat conclusion 
from Working Group III of the Intergovern- 
‘mental Panel on Climate Change (IPCC), 


Which met behind closed doors for 3 days last 
week here in the Thai capital 
The fruit of the worki 


sroup’s labor is a 
and 


¢ document that lays out options. 


their price tags—for reducing greenhouse gas 


emissions to head off catastrophic climate 
The 
ize greenhouse gas levels in the atmos- 


jostambitiousplan, which would 


business as usual, Less ambitious t 
cheaper. The easiest option—aiming for under 
710 ppm, 50 er than the current 


pheric concentration of long-lived greenhouse 
es of 460 ppm—could yield a small net 
gain for the global economy, 

The report 
ten by 33 of the se 


the executive sum 


1 hundred contributi 


authors of a review of major economic model- 
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ing studies due to be released in September 
ting from today 


concludes tha eenbouse 


{gas-intensive economy to any of these targets 


is achievable with currently available tools 
such as shifting to alternative energy sources, 


boosting energy efficiency, and reducin 


deforestation, coupled with a suitable mix 


other 
harder 


caps. taxes, and economic incentives. 


Scientists warn that re 


choices than the models suj 


as is to 


reason for economists to make fore 


make astrologers look good.” says Martin 
Hoffert, a physicist at New York University 


who has eniticized earlier IPCC studies. 


Last-ditch editing 

Reaching consensus on these take-home mes- 
sages was easier than expected. Media reports 
had predicted bitter disputes between IPCC 
‘member countries. For example, China was 
expected to insist on softenin 
mi 

fueled € 


tatements that 


wht suggest that its fast-growing and fossil- 


t need to be slowed, 


jomy m 


whereas the United States was expected to 
bully for 
Dennis Tirpak. a climate policy analy 
heads the climate change unit at the Org 


uclear power. But in fact, says 
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After the Frenc 
electior 


All smiles. Demonstrators outside the IPCC meeting 
reflected the mellow mood of negotiations inside 


tion for Economic Co-operation and Develop- 
meat in Paris and one of the summ; 


authors, “the atmosphere was quite civilized,” 


China did put its foot down—over the 
adjective used to characterize the scientific 
evidence behind estimates of the cost of 


achieving emissions targets. China 


the quality be down 


The motivation was “only to pro- 


tect the scientific integrity of the IPCC. 
co-author Dadi Zhou, 


2 climatologist and 
deputy director of the Energy Research Insti- 
‘ule in Beijing. Others who spoke with Science 
ree, “China had a valid point, and we 
adopted it,” says co-author Jayant Sathaye, an 


energy policy analyst at Lawrence Berkeley 
National Laboratory in California, 

In the endl only two short passages in the 
report fell short of unanimous approval, One 
hat with a price of $50 
iclear energy would 


was four lines statin, 
fora ton of emitted CO, 


be cost-eflective in providing nearly a filth of 
global electricity —with the caveat that “safety 


Weapons proliferation and waste remain as 


constraints.” Even that cautious endorsement 
sparked what Sathaye calls an “adrenal 
fueled” discussion ending with firmly anti- 


nuclear Austria insisting on a footnote saying 


that it “could not agree with this statement.” 


The other stickin, 


point was a passage on 
forestry, which drew fire on technical grounds 
from a delegate from Tuvalu. 

The final result isa document that strikes. 


4 far more optimistic tone than did the previ= 
ous three mitigation reports. At least, that 
was the mood of the IPCC’s buoyant press 


release, which has been echoed by the media 


Climate crystal ball 
But hidden within the text of the report are 
abundant references to uncertainties and 
ely unmentioned, 


caveats that have gone lar 


For one, many scientists are muttering, the 
report is only as good as its models. To 
ation options, the IPCC uses two 


explore mit 
distinct stratey 


ies. Bottom-up models break 
the economy down into sectors and predict 
how different mixes of technologies will cut 
fh. Top-down models 
simulate whole economies to compare how 
different global strategies, such as carbon » 


carbon emissions in 


8 
| 
E 
2 
eg 


Meanwhile, Back in Washington ... 


After playing a minor role for years in the U.S. Senate's Energy and 
Natural Resources committee, a molecule had a coming-out last week 
carbon dioxide. The committee was drafting a bill meant to broaden 
energy independence, including measures on ethanol production, 
eneray efficiency, and carbon sequestration 

But when a Republican senator from coal-rich Wyoming prop. 
measure to boost the production of fu al, panel 
hair Jeff Bingaman (D-NM) balked. Conc 
‘unproven and could release too much CO, into the atmosphere, he 
Democratic members 


de from gasified 
med that the techno 


shed 


other coal-rich states, such as 
ainst t 


‘even those from 
of Montana: 


newly elected Jon Tes to hold the line a 


port tt but that storing carbon emitted from 
liquid facilities was priority 
Thes 5 an issue 
in the debate on energy” in Washington, 0.C., says Jim Presswood, a lob 
byist for the Natural Resources Defense Council. Last year, when the 
Republican party controlled Congress, the amendment probably would 
have passed, Presswood says, But when Democrats took over in January, 
they made climate change a top priority, and the new speaker of the House 
of Representatives, Nancy Pelosi (D-CA), set 4 July a adtin 
pass a House bill that would cap U.S. 


lechnique late 


‘carbon issue is that important,” he said 


irmish “shows how global climate change has arrive 


a target 


missions of greenhouse gase 


Since then, several factors have fallen into place: One longtime oppo: 
‘nent of carbon limits, Democratic Representative John Dingell of Michi 
ning, with a idea, And the Ed 


gan, isl 


ries of hearings on th on 


yndrome 
ut smiles 


What will it cost us? 
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Price club. MIT modeling studies suggest that policies placing different limits 
92s emissions will have varying impacts on the average U.S, it 
izen’s wealth, Figures are cumulative amounts emitted between 2015 and 2050. 


‘on greenhou 


Electric institute, which represents American utilities, recently signaled its 


openness to emission limits—provided they cover all industries and 


include price controls, President George W. Bush's emphasis on research 


and volu no longer holds sway. 

But 4 months into their rule, Democrats are beginning to realize that 
s won't translate into new laws overnight. Pelosi 
5 a carbon bill have collided 
ts—most importantly, 


ary m 


the mew mood in Cong} 


hhas pushed back her timeline as efforts to p 


with international implications and state inter 
e already saying that major 


coal. Some observers new policies will have 


to wait until after ne 


t year's presidential election 


For sure, science is getting a different reception on Capitol Hill. » 


taxes or fixed greenhouse-gas stabilization down models are starting to converge.” How- it’s advantageous, why aren't people doin 
targets, will play out through market forces. ever, enormous wiggle room remains it?” Richels asks, 
Each approach has its drawbacks. Bottom-t One problem is that bottom-up models Since 2001, researchers have worked to 


models tend to don’t cope well with 


top-down models smooth over the differences that drive people t 


between regions and sectors. In 2001, the two nologies over anc 
approaches were often at odds. The good suggests that a b 
news, says Sathaye, is that “for the first time, energy sources, such 


the rar could cu 


1¢ of results from bottom-up a 
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{ portfolio of al 


projected an 


make the models more realistic by incorporat- 
‘market feedback,” says Billy Pizer 
an economist with Resources for the Future in 
Washington, Dc 
olar and biofuels, ch he fall mit 
one thing to account for people's illogical 


le: the preferences 


We mix of tech- ing such 


native who co-authored a related 


pter in ation report, But it’s 


al CO, emissions in 
the year 2030 by Sto behaviorand quite another to persuade them to 


gigat chan It's stuff that pays for itself that peo- 


all, thanks 


eit 
ple don’t do.” he says. 


ings in energy effi- Steady progress has been made with top- 
ciency. But that con- down models, says Jae Edmonds of the 
clusion ismisleading, College Park, Maryland, office of the Pacific 


Northwest National Laboratory. The modelers 


says author Richard 
details, 


Richels, an economic 
modeler 


ric Power Research 


such as the availability of land area for biofuels 
for storing coal-plant carbon 


t the Elec- 
and the potent 
emissions underground, They have also 
expanded 
greenhouse gases other than CO). 
1c. Doing 7 
estimates of mitigation costs, 


te in Pal 


Institu 


he models to include emissions of 


California, because it 
uch as 
3s lowered the top-down 
The reason is 


that you have other opportunities to reduce > 


ignores the implicit 


cost of making peo- met 


ple choose something 
hey don’t want, “If 
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Continued from page 813 
Hearings by at least 15 panels since January have touched on everything 
from the environmental impacts of expanding biofuel production fo the 
effects a cap would have on Detroit's automakers. Climate scientist 
‘Stephen Schneider of Stanford University in Palo Alt, California, says the 
“cordial” and inquisitive atmosphere of the three hearings at which he 
has testified this year are a welcome contrast to the previous “20 years of 
combat on the Hill” he's endured, much of it over the very existence of the 
problem. Longtime foes of carbon restrictions are laying down arms. “My 
View is changing, as isthe view of much of the energy industey,” Repre~ 
sentative Rick Boucher (D-VA) said in February, crediting the “deeply 
solidified” scientific consensus. 

Alter years of relatively sporadic hearings about confronting climate 
change, aggressive lobbying by industry, nonprofit activists, and scien 
tists has fueled more than 100 legislative proposals on the topic—about 
a dozen with mandatory emissions limits. But the deluge of new input 
“doesn't necessarily make it simpler to get things done,” says David 
Hunter, an aide to Senator Susan Collins (R-ME). 

Right now the most aggressive emissions timit proposal in Congress 
betongs to Representative Henty Waxman (D-CA), who wants to cut U.S. 
emissions 83% from current levels by 2050. A recent analysis by 
researchers at the Massachusetts Institute of Technology (MIT) suggests 
that the measure would cut the average citi 
zen'savailable income by about 2% by 2050. It 
‘would yield an approximate 460 parts per mil- 
tion (ppm) fevel of CO, in the atmosphere if 
China and India begin by 2025 to cut their 
‘emissions and by 2050 to stabilize them. That 
level, roughly 20% higher than today’s, would 
still mean “additional warming of twice to three 


emissions,” says Sathaye. For example, a land- 
fill emitting methane can be cheaper to deal 
with than a coal plant, but such advantages 
were lost in previous simulations, 

‘But top-down models can still run aground 
‘on the shoals of international polities. One 
rosy prediction is that an imposed cost of 
$100 per ton of CO,—equivalent to an extra 
S1 per gallon at the pumps—could yield a cut 
of 17 t0 26 gigatons of CO, by 2030, as much 
aas 38% of estimated emissions under a fairly 
carbon-intensive forecast, But this assumes 
that the whole world participates in carbon 
trading and that markets are free and transpar- 
cent, Given current Indian and Chinese wari 
ness towards carbon caps, says Pize 
not politically likely.” 


times [what] we have seen over the last century,” the MIT study concluded. 

But few believe that bill can fly now, as a less agoressive approach, 
pushed by senators Joe Lieberman (D-CT) and John McCain (R-AZ), failed 
in 2005, attracting only 38 votes. So others, including Bingaman, have 
‘sought consensus by setting the emission bars lower. Bingaman’s carbon- 
trading proposal includes a so-called safety valve that limits the price that 
industry and, subsequently, consumers must pay for emitting CO,. The 
[MIT analysis predicts that Bingaman’s approach would cost citizens only 
(0.5% of available income by 2050 while holding CO, in the atmosphere 
to about 490 ppm. 

Some lawmakers say it's crucial to pass some bill—even a flawed 
‘one—soon. Early US. action, they argue, could spur the crucial partic- 
pation by India and China in an emissions-control regime. “I! we take 
10 years to get started, the problem will be harder to deal with then," 
‘ays Representative Tom Udall (O-NM). But others, including editors at 
the left-leaning New Republic magazine, have urged the Democrats not 
to accept compromises for the sake of expedience, “There won't be many 
chances to get this right, and Democrats will need to wait until they can 
{90 for broke,” a March editorial declared. 

Privately lobbyists on each side ofthe issue say that only a committed 
president can muster the political force to broker a deal, Presidential con: 
tenders such as John Edwards, senators McCain 
and Barack Obama (O-i), have championed 
{orcelul proposals to contain greenhouse gas 
emissions. Meanhile, the timeline Is the one 
thing that’s becoming clear: “It'll take aways to 
pass comprehensive greenhouse legislation,” 
says Hunter, 

Eu kiNTiscH 


tive to increases in greenhouse gases than the 
IPCC has been assuming. “My point is not that 
there should be more gloom and doom,” says, 
O'Neill, but “a message that says that we have 
to stay below 2°C, but don’t worry, it will be 
easy and cheap, just doesn’t add up.” 

‘Other researchers say the report's insis- 
tence that current mitigation strategies can sul 
fice gives short shrift to future research, That's 
mistake, says Hoffert:“Itis ludicrousto think 
a greenhouse-gas emissions price, cap, oF tax 
alone will get you to stable concentrations of 
[reenhouse gases)" New technologies will be 
critical, he says, and unless policymakers pave 
the way with measures such as a gradually 
increasing carbon tax, they will not be compet- 
e. And Richels fears that if the ta 
sige is that mitigation is cheap, societies 


Spin control 

Now that the debate over the content of the 
1000-page Fourth Assessment Report is done, 
the battle is shifting to its interpretation. Many 
IPCC scientists say they are uneasy with the 
‘optimistic spin puton the report. “think some- 
thing thats being underplayed ...isthe scale of 
the mitigation challenge.” says Brian "Neill, a 
climate policy modeler at the International 
Institute for Applied Systems Analysis in 
Vienna, Austria, who contributed to a chapter 
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Diet plan. The IPCC report drew an models that 
calculated global portfolios of emissions reductions 
needed to reach various target levels of greenhouse 
gases in the atmosphere. 


‘on mitigation scenarios. “To limit warming to 
something near the European Union's stated 
goal of 2°C, global emissions have to peak 
within the next decade or two and be cut by 

(Po to 80% by midcentury.” That's tall order, 
Neill says—and it could get a lot taller if 
global temperatures tum out to be more sensi- 


not be as motivated to invest in the i 
future™ for such research, 

e question of whether mitigs H 

be it 0.3% oF 3% oF global 

4 

2 

5 


is “a difficult one to answer.” says 
Sathaye. But some say that when stake 
overwhelmin, 


igh. purely economic reason- 
ing misses the boat. “What did World War I 
cost us economically?” asks Hoffert. “Does the 
question even makesense’? 
With reporting by Eli Kintisch. 
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PHYSICS 


All Paired Up but Unable to Flow, 
Atoms Strain Key Conceptual Link 


Day leads to night, life leads to death, win- 
ter leads to spring: some things necessarily 
imply others. So it has seemed in physics: At 
very low temperatures, certain particles 
pair, and when they do, the pairs inevitably 
gang up to form a “superfluid” that flows 
without resistance, That explains how elec 
trons glide through superconductors, how 
atoms of hetium-3 forma liquid with no vis 
cosity, and perhaps, how neutrons circulate 
through neutron stars, But an experiment 
reported on page 867 breaks the pairing-to- 
supertluidity connection, Atoms in an ultra- 
cold gas ean pair but do not flow without 
resistance, even at temperatures approach- 
ing absolute zero, physicists report 
they have found a [zero temperature} 
state that has pairing but no superfluidity, 
that would be revolutionary,” says Mohit 
Randeria, a theorist at Ohio State University 
in Columbus, But he cautions that it’s too 
early to rewrite the physies texts 

How atoms andl other quantum particles 
bbchave depends on how they spin. Particles 
can have only certain fixed amounts of spin, 
and those with an integer multiple of a basic 
amount called Planck's constant are known: 
as bosons, They are sociable particles that at 
low temperature can crowd into a single 
jumbo quantum wave, which is the key to 
superfluidity. In contrast, particles with an 
extra half bit of spin are known as fermions 
and are loners, No two identical fermions 
can oceupy the same quantum wave or state, 

Fermions can get together, however, if 
they form loose overlapping pairs that ac 
like bosons. In a superconductor, an elee- 
tron spinning in one direction pairs with 
another spinning the opposite way, and 
atoms in ultracold gases ean pair similarly 
But what happens when the particles spin- 
ning one way outnumber those spinning 
the other way 

To find ou 
gang Ketterle, 


. Christian Schunek, Wolf 
anil colleagues at the Massa- 


chusetts Institute of Technology in Cam- 


signs of a flowing quantum wave (Seience, 
- p. 1892). They fiddled 
§ With the ratio of up-spinning and down- 
§ spinning atoms and found that superfluidity 


§ whirlpools called vortices, which are sure 


www sciencemsg.ora 


persisted until the ratio reached about 
83:15, with the pairs forcing the leftover up 
atoms to the cloud’s edge. Larger mis- 
‘matches quashed the super fluidity 

But in the new experiment, the team has 
found that even when the ratio is skewed 


B15 
Ratio of up and down atoms 


woo 


Disconnect. When the up-spinning atoms greatly 
‘outnumber the down-spinning ones, the atoms still 
pair, but they do not form a supertluid. 


‘enough to prevent superfluidity, the atoms 
still pair. The researchers used radio waves to 
pop the down-spinning atoms into an entirely 
different quantum state. As they lowered the 
temperature, they had to increase the enenys 
of the waves by a particular amount. That's 
exactly what should happen if the atoms pair 
and extra enengy is needed to break the pairs 
apart, Ketterle says, 

The finding appears to clash witha theo- 
rem which states that fermions that do not 
form a superfluid cannot pair either. “Wha 
We really need now is a rethinking of pais 
ing.” says Rudolf Grimm, an experimenter 
at the University of Innsbruck in Austr 
But theorist Kathryn Levin of the Unive 
sity of Chicago in IMlinois says the theorem 
“just doesn’t apply” because it relies on 
assumptions that aren't valid for the 
strongly interacting atoms, 

Even so, the experiment marks a “tri- 
umph,” Randeria says. He notes that at 
smaller mismatches. Ketterle and col- 
leagues see the atoms pair above the tem- 
perature at which superfluidity is known to 
set in, Some physicists have argued that the 
electrons in high-temperature supe! 
conductors form such “preformed pairs, 
‘but this experiment provides far clearer evi- 
dence, Randeria says, In that much at least 
the coupling between pairing and super- 
fluidity is unraveling. ADRIAN CHO. 


Transgenic Hay Mowed 


Afederal court extended a ban on planting of 
genetically engineered alfalfa last week 
Alfalfa that has been altered to tolerate appli- 
‘ations of the herbicide glyphosate will only 
be allowed back on the market after the 
U.S. Department of Agriculture (USDA) fin- 
{shes a detailed environmental impact study, 
USDA says that could take 2 years. 

The agency approved so-called Roundup 
Ready alfalfa in 2005, but 3 months ago, the 
US. District Court in San Francisco, Califor 
‘ia, ruled that the study should have come 
first (Science, 16 March, p. 1479). The judge 
in the case, Charles Breyer, imposed a tempo. 
‘ary ban on planting in March and last week 
‘made the order permanent. 

USDA will now examine the risk that 
increasing use of glyphosate will produce 
lyphosate-resistant weeds, as well as the eco: 
‘nomic impact on farmers of cross-poltination 
between conventional and genetically engi 
‘neered alfalfa plants, especially those grown 
to produce seed. Several alfalfa seed produc 
sin Idaho have reported finding traces of 
the Roundup Ready gene in stocks of conven 
tional seed. In ast week's decision, Breyer 
‘wrote that “such contamination is irreparable 
environmental harm.” John Tumes, an official 
with the USDA office that regulates transgenic 
‘crops, said that the judge “is asking questions 
that we haven't had to answer before,” but he 
«alled the assignment “doable.” USDA is con 
sidering hiring outside experts to help with 
the study. 

DAN CHARLES 


ACommission Before Munitions 


‘AHouse defense panel wants the Bush Admin: 
istration to slow down its plans to build a new 
‘nuclear weapon, Last week, it voted to cut 
45 million from the president's $88 million 
request for research on the Reliable Replace: 
‘ment Warhead (RRW) and use some of the 
money for more study. 

The proposed blue-ribbon commission 
would “create a public discussion about future 
‘requirements for nuclear weapons,” said Rep. 
resentative Ellen Tauscher (D-CA), Some 
‘opponents were hoping for more: “The sub 
‘committee is taking a ‘go stow’ approach on 
the RRW rather than the ‘no go’ approach the 
program deserves,” says a spokesperson for 
the Union of Concerned Scientists, 

‘Now the focus shifts to a House spending 
ppanel, where chair Peter Visclosky (D-IN) has. 
made known his doubts. The Senate's position 
is less clear ELI KINTISCH 
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AIDS DRUGS. 


Brazil, Thailand Override Big Pharma Patents 


Executing a much-repeated threat, Brazil 
‘on 4 May broke sharply with big pharma 
and for the first time signed a “compulsory 
license” that allows the country to make or 
import a generic version of a patented anti- 
HIV drug. Brazilian President Luiz Inicio 
Lula da Silva, who signed the decree in a 
televised ceremony, took this step shortly 
after Thailand decided on similar action 
with the same drug—efavirenz—and two 
others, “Many other countries will likely 
follow suit,” predicts e 
Love, who runs Knowledge Ecology Inter- 
national, a think tank in Washington, D.C 

Love has urged developing countries to 
issue compulsory licenses, which are per- 
mitted by World Trade Organization rules 
for noncommercial uses of patented drugs. 


nomist James 


especially iffthey involve public health 

Efavirenz is used by nearly 65,000 of the 
170,000 people in Brazil now receiving free 
treatment from the government. Merck 
offered earlier in the week to cut the price 
from $S80 per patient per year to $400, but 
Brazil noted that a generic version would 
reduce costs to about $165—saving the 
country an estimated $30 million this year 
alone, In a statement, Merck said it was 
“profoundly disappointed” by the decision 
and warned that the “expropriation of intel- 
lectual property sends a chilling signal to 
research-based companies.” contending that 
they “cannot sustain a situation in which the 
developed countries alone are expected 10 
bear the cost for essential drugs.” But Pedro 
Chequer. the former head of Brazil's AIDS 
program who now works for the Joint 
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ramme on HIV/AIDS, 
ly proud of this wonderful 
cision.” 

Thailand faced similar praise and 1 
cism when it issued compulsory licenses for 
efavirenz in November and then again in 
January for the anti-HIV drug lopinavir 
ritonavir (made by Abbott Laboratories of 
Abbott Park, Illinois) and the blood thinner 
clopidogrel (made by Sanofi-Aventis of 
Paris, France). “Thailand's move has stirred 
up a hornet’ nest.” says Jon Ungphakorn, a 
former Thai senator who strongly backs his 
nment’s actions. 

To the astonishment of Ungphakorn and 
many others in Thailand, Abbo 
announced on 14 March that it was pulling 
applications it had pending to register 


gov 


seven new medicines for sale in Thailand. 
Then on 30 April, the Office of the U.S. 
Trade Representative cited Thailand's issu- 
ing of compulsory licenses as one reason 
for elevating the country to the dreaded 
Priority Watch List. a U.S. government 
warning to countries that it judges do not 
adequately protect intellectual property. 
which can drive away foreign investment 
and impact export tariffs. “It's surprisin, 
that the reactions have been so harsh to 
move that is perfectly legal.” says Ung- 
phakorn. “What the United States and 
Abbott have done to Thailand is to send a 
message to the whole developing world: 
“Don’t you dare carry out compulsory 
licenses. or there will be retaliation.”” 
Merck and Abbott say they do not under- 
stand why Thailand has yet to accept their 


latest offers. Merck says it will sell efavirenz 
to the country for $237.25 per patient per 
year—a “no profit” price that Brazil said it 
would have while Abbott 
ir/ritonayir from 
52200 to $1000 per patient per year. (Sanofi- 
Aventis, which sells clopidogrel in Thailand 
for about $800 per patient per year, did not 
reply to.an interview request.) 

Lawyer Sean Flynn, an intellectual- 
property expert at American University in 
Washington, D.C., who supports Thailand's 
and Brazil's actions, says the countries ide- 
ally would like to create competition 
among generic manufacturers to drive 
prices as low as possible. And Flynn flatly 
dismisses the “tired” argument that R&D 
‘would be harmed by these compulsory 
licenses, stressing that the drugs were not 
initially made for developing countries. 
“They were created for the European and 
USS, markets, and that’s where the incentive 
comes from to invest in developing them? 
contends Flynn, adding that patent holders 
also receive some royalties from drugs sold 
under compulsory licenses, 

Abbott has taken the brunt of the eriti- 
cism. AIDS advocates in particular have 
protested its plans to withdraw the registra 
tion of its new drugs, including a heat- 
stable form of lopinavir/ritonavir that’s 
badly needed in Thailand, “Patients are 
being penalized,” charges Paul Cawthorne 
head of the Thai mission for Médecins Sans 
Frontigres. “It's disgusting and completely 
unethical.” Such criticism is misguided, 
counters Abbott spokesperson Dirk van 
Eeden: “The Thai government said it will 
not buy it, so why is there a need for us to 
register it?” he asks. 

Although a handful of countries have 
issued compulsory licenses for AIDS drugs 
without kicking up much of a fuss, all 
involved older, first-generation drugs. Now 
the second-line treatments are at stake 
Economist Love adds that big pharma feels 
threatened that this movement could go 
beyond AIDS to heart disease and other ail- 
ments, “There’sa big push in Thailand to do 
it for everything.” says Love. 7 

Merck notes that it i 
and committed to explori y 2 
acceptable agreement” with Brazil, and & 
Thailand on 14 May plans to hold a meet- i 

5 


ith Merck, Abbott, and Sanofi-Aventis 
to attempt again to ni 
for their products. 


tate lower prices 
“JON COHEN 
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GENDER EQUITY 


Women Are Scarce in New NAS Class 


The number of women elected this year to the 
US. National Academy of Sciences (NAS) is 
the smallest since 2001 and fewer than half 
thenumber chosen in 2005, Only 12% of 
the new class of 72 announced last week 
(www.nas.edu) are women, compared tolevels 
ipproaching 25% earlier in the decade. The 
dismal showing has prompted criticism from 
some quarters that NAS is backing away from 
efforts to promote gender equality, But NAS 


officials say the meager erop simply reflects 
the persistent dearth of women at the highest 
levels of science, 

“Lam amazed that the number is so low,” 
says Jong-on Hahm, who until 2005 served as 
dir 


tor of NAS's Committee on Women in 
Science and Engineering and is now a research 
professor with the Women’s Leadership Pro- 
gram at George Washington University in 
‘Washington, DIC. “They seem to have stopped 
paying attention to the issue 

Not so, counters Ralph Cicerone, who 
became NAS president in 2005, He says this 
year’s total of nine women “is an unpleasant 
surprise” because activity aimed at increasing 
‘women’s representation within the acader 
probably at an all-time high.” The acad- 
emy has been encouraging its members te 
idemtity eminent female scientists in their 
fields and generate “fuller lists” of candi- 
dates, says Cicerone, He says he cannot point 


BUDGET POLICY 


BE 


Wrong direction. The number of women elected to 
INAS this year has taken a tumble compared with 
recent classes. 


toa specific reason why the number dipped. 
however, and theacademy has no plans to dis- 
sect this year's process 
But Cicerone says the general under 
representation of women in the academy is 90 
men 
centering science has been increasing over the 
years, we are seeing a lagging effect in the 
composition of the membership, ... since it 
usually takes 25 years or more of research past 
Ph.D. to achieve the accomplishment required 
tobe elected tothe academy.” he explains 
Critics aren’t persuaded by that argument. 
“It's the nomination processand sometimes the 
selection process that fails women.” says Nora 
Berrah, « physicist at Western Michigan Uni- 
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versity in Kalamazoo and co-chair of the 
American Physical Society's Committee on 
the Status of Women in Physics. “Women do 
not lobby to be nominated, and perhaps we 
should do it, Also, often the selection process 
does not have enough women in it.” Berrah is 
disappointed that only one of the nine new 
members is from the physical sciences and 
‘mathematics, NAS officials would not disclose 
the composition of the committee that chose 
‘nominees in that category, butt was unlikely to 
have been more than the academy's overall 
tally of 10% women. 

Although they receive 43% of US. Ph.D. 
degrees awarded in the natural sciences 
‘women face several barriers that prevent "a 
normal career progression,” says Donna 
Nelson, a chemist at the University of OK 
homa, Norman. For example, she siys, grade 
ate students are sometimes discouraged from 
selecting female professor as an adviser, and 
female professors are sometimes denied 
acess to specialized lab equipment, Similar 
barriers were documented in a 1999 Mass- 
chusetts Institute of Technology study 
(Science, 12 November 1999, p. 1272). 
Nelson says such a climate hinders a woran’s 

y sary credentials, 
members"irekeen 
1 expand the pipeline as well as 
identify more women candidates, One suzges- 
tion is to find nsing stars early in their careers 
‘and mentor them so ast inerease their chances 
of being elected down the road, “We hope this 
year's number is just a temporary lull.” he says 
~YUDHIJIT BHATTARCHARJEE 


U.S. Science Adviser Tells Researchers to Look Elsewhere 


Haruheaded realist or apologist for the Bush 
Administration? That's what some U.S. 
researchers were asking themselves last 
week after presidential science adviser John 
Marburger said they needed to rely more on 
nonfederal funding—in partic 

jk eatony en day 
expand the scientific enterprise 

F because Congress and the White 
House cannot keep up with the 

§ type of budgetary growth needed 

3 (0 capitalize on scientific oppor- 
tunities, Several university lobby- 
ists discounted the advice, how- 
ever, saying those other sectors 

3 can'illthe gap that would be left 
if federal support lags. 

Marburger argued his ca: 
Jast week at the annual Science 


www.sciencemag.org 


and Technology Forum, the largest gathering 
of the year for policy analysts, sponsored by 
AAAS (which publishes Science). He said 
that competing societal priorities have held 
science to a constant slice of the federal pie 


calves 


The same stice. The share of U.S. discretionary spending going to 
research hasn't changed much since the days of the Apollo program. 
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for the past 40 years (see graph), and that itis 
unrealistic to expect legislators to grant 
larger. sustained inereases. “I haven't seen 
any evidence of an increased top line for sei 
ence.” he told Science after his 3 M 
speech. “I think that’s wishful thinking: 
Marburger spoke glowingly of philan- 
thropies willing to support basic research, 
citing the Kavli Foundation’s network of 
institutes in the physical sciences (Science, 
21 January 2005, p. 340), the myriad med- 
1 charities and patient advocacy groups, 
and university partnerships with industry 
But many in the audience later referred to 
that support as “drops in the bucket” and felt 
Marburger was simply defending the 
Administration’s policies. 
When you cut taxes and create a 
deficit and spend hundreds of billions of 
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dollars on an unpopular war, it leaves you 
with precious little to spend on anything 
else,” fumed Michae! Lubell of the American 
Physical Society. “I don’t expect to see any 
real changes until after the 2008 election.” 
Part of Marburger’s comments were 
aimed at pend slation that would 
authorize larg 


2 ley 
increases at several sc 
agencies (Science, 4 May, p. 672). “People 
probably wonder why Mi is not more 
enthusiastic about these authorizations,” the 


n interview. “I 

ress to do this, 
izing them. 

But it's unrealistic to expect it to happen. 


nee adviser said in 
fe the desire of Con; 
1 uncomfortable criti 
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His dark analysis also applies to the fla 
g of the National Institutes of Health 
3 ded 

2003, which he says created an increased 
research capacity that the federal gover 
ment cannot support, Referring to the com- 
munities’ expectations of continued robust 
ses, he said in his speech that “I car 
not see how such an expansion can be su 
tained by the same business model that led 
to its creation, The new researchers will 
either find new ways to fund their work, or 
they will leave the field.” 

Michael Rodemeyei 
Democratic congressional science aide, 


et after its 5-year doubli 


The Ultimate Life List 


Hands up if you've heard this 
before; An ambitious new project 


promises to create an ¢ 
compendium of all 1,8 million or 
so described species, It ean 
already claim participation by 


premier institutions, a wad of 


up cash, and huzzahs from 
biodiversity guru Edward O. 
Wilson, Although some confess 
toa wary sense of déjit vu, taxon- 
‘omists hope that the Eneyclope- 
dia of Life (EOL) can provide the 
long-awaited comprehensive 
og. Even enthusiasts 


species ca 


agree that it faces some tall hur- 
dles, however, such as signing up 
curators and getting permission 
to use copyrighted material 

Announced this week, EOL 
involves big names in biodiver- 
sity research, including Harvard 
University and the Smithsonian 
Institution, and has garnered 
$12.5 million from the John 
D. and Catherine T. MacArthur Foundation 
Ifred P. Sloan Foundation. Its plan 
envisions posting Web pages for each 
known species. EOL will also provide 
access to original species descriptions by 
teaming with the Biodiversity Heritage 
Library, which is digitizing the pre-1923 
taxonomic literature on which the copy- 
right has expired, 

Pages on 50,000 species should be ready 
by the end of 2008, with 700,000 to | million 
species online by 2011. says EOL newly 
appointed executive director. James 
Edwards. He estimates that the work 
will take 10 years and cost $70 million to 


and the A 
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Electronic ark. E. 0. Wilson's idea for a Web-based encyclopedia 
containing all the species on Earth is now ready for launch. 


$100 million. A separate group is developit 


European equivalent, known as SpeciesBase, 
and the two projects will swap information. 
If EOL sounds familiar, that’s because its 


brief overlaps with those of several efforts, 
notably the All Species Foundation, whose 
chair promised to deliver a Web site for 
every species (Science. 26 October 2001, 
p. 769). That project is defunct, but others 
have managed to cover slices of biodiversity 
At one end of the spectrum is the Catale 
of Life. which houses bare-bones taxonomi 
data—the equivalent of name. rank. and 
serial number—for more than 1 million 
species. At the opposite end are lush sites 


acknowledges that 


oshift 


ts politically hard” 


spending toward science but disagrees with 


Marburger that there isany “iron lan” fixing its 
share of domestic spending. But Dan Sarewitz, 
another former aide now at Arizona State U 
versity in Tempe, thinks that Marburger’s 
underlying message is vali. ily rea 
sonable to complain that the current Adminis- 
tration’s priorities have recklessly Wasted the 
budgetary surplus and made it impossible 
make important discretionary investments, 
says Sarewitz, “But if this is true for science, 
then its true for other areas, 
would science like to yo up 


‘So which ones 
inst?” 


JEFFREY MERVIS, 


such as FishBase and AlgaeBase, which 
home in on specific groups and offer illus- 


trated pages on individual species. 

EOL will follow both approaches but dif- 
fers from these projects in automating infor- 
mation collection, Software will pluck data 
F Life, and other 
Web sources—a “mashup” in Internet pattl- 
ance, But EOL will be a curated mashup, 
With experts crafting a home page for each 
alter- 


from FishBase, Catalogue 


species that records its classific: 
native names, distribution, habitat, diet, and 
in, Users will have the opportunity to 
build additional wiki-style pages, determin- 
ing what content to include 
contribute, Edwards says. Birdwatchers 
could flock together to post sighting records, 
for example, while molecular biologists 
might add gene expression data, 


id who gets to 


Researchers praise the EOL vision but 
fret about the execution. “The exercise is 
only worthwhile if i's more accurate and bet- 
ter coordinated than what's already available 
oon the Intemet.” suys Frank Bisby, a taxono- 
mist at the University of Reading in the UK. 
and co-director of the C 


ue of Life. 


citing the names right for the poorly 

oups that contain much of bio- 
diversity is a challenge, says Joel Cracraft, 
yy at the American 
Museum of Natural History in New York City 

Obtaining permission to use post-1923 
literature is also an issue, says Donat Agost 
an American Museum of Natural History 
sist who works in Bern, Switzer- 
land, Edwards says that EOL is negotiating 


studie 


curator of ornitholo 


entomolo 


with scientific societies and publishers. 
Although some deals are in the offing, none 
has yet been announced, he 
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Researchers Await Changes—and 
Clashes—After Sarkozy's Victory 


PARIS—"W 


nents Cécile 
‘Wandersman, head of a research unit at the 
Pasteur Institute, “For me, this isa great hope,” 
says Jean-Robert Pitte, president of the Univer 
sité P 


in mourin, 


is-Sorbonne, Both wer 


this Week's election of right-wing politician 
Nicolas Sarkozy ats France's next president. 

As the contrasting comments indicate, 
Sarkozy's victory and his conservative 
agenda have divided the scientific com 
nity, just as it has French society as a whole. 
Known for tough talk on law and order, immi- 
gration, and morality, the former interior min- 
ister is mistrusted and reviled by the left 
including many in the academic world, 
‘Wandersman, for instance, scoffs at Sarkozy's 
promise to raise research spending to 3% of 
s2toss domestic product by 2012. But to Pitte 
and many others, his agenda for change 
including a shakeup of the higher education 
system ats early ts this summer—are just what 
France’s sclerotic research scene needs 

Research had played a langer-than-usual 
role in this election with both Sarkozy. who 
chairs the Union for a Popular Movement 
(UMP). and his rival, Socialist Party candidate 
‘Séyolene Royal, promising to increase science 
and higher education budgets. That was a vie~ 
tory initself, says Jules Hoffmann, president of 
the French Academy of Sciences: “Research 
hhas never been this high on the agenda before. 

But the candidates’ opinions diverged on 
hhow to address the malaise in French research 
‘problems at the country’s 
universities. Science and higher education 
don’t mix well in France. because most 
research takes place at mammoth government 
institutions such as the National Centre for 


andthe long-runnin 


Scientific Research (CNRS) rather than at the 
universities. A highly centralized administra- 
tion system means universities are relatively 
set their own agendas; they also 


powerless 
suffer from the fact that the smartest youn 
minds typically attend the so-called grands 
ich train F professional 


éoles, ¥ 
political cite but 

Royal's answer to these woes centered on 
10% anual bus 
most controversi arch 
reform bill that President Jacques Chirac's 
government had introduced last year (Sevence 
10 March 2006, p. 1371). In contrast, Sarkozy 
offered more radical reforms that would move 
the country’s education system closer to the 
Anglo-Saxon model. He has said he will intro- 
duce a law within 6 months that would offer 


lear winner. Nicolas Sarkozy received 53% of the 
‘votes during the second round of the election. 
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Facing off. Both Nicolas Sarkozy and his opponent 
‘Ségoléne Royal stressed the importance of science to 
France, but Sarkazy proposed more radical reforms. 


universities much more autonomy—for 


instance, to manage their own budgets and set 


recruitment and research policies, 
Sarkozy has also suggested turning the 
big research bodies such as CNRS into 


U.S.-style granting agencies that would 
reward proposals rather than employ scien- 
ontroversial shift in a country 
where science usually me: 


tists—a 


a government 
job for life, To carry out those promises, 
Sarkozy's UMP will have to retain its major- 
ity in the National Assembly during elections 
next month; polls suggest it wll 

Sarkozy's plans have alarmed Sauvons la 
Recherche (SLR), a left-leaning movement 
that brought thousands of researchers to the 
streets in 2004 to protest cuts to sci 
budgets by the Chirac government. Nine 
days before the runoff, SLR called on its 
bers to vote for Royal. Sarkozy seems 


me 


intent ¢ 
through P: 


rushing his higher education plan 
jament without proper consulta- 
tion by the sciemtific community. says SLR 
President Bertrand Monthubert, Turning 
France's research organizations into funding 
tainty for 


agencies would create more u 
investigators and make science careers even 
tractive, he says: “What works in 
Britain or the US. doesn’t necessarily work 
in France, 

But Pitte argues that more 
bsolutely n 


autonomy for 
universities is ded”—and he 
hopes Sarkozy will go further, Universities 
shoul have the right raise tuition feesand to 
select the best students rather than admitting 
everyone who qualifies, says Pitte. Those 
reforms go against France's egalitarian streak 
and are bound totrigger protests, he admits his 
‘own Sorbonne was paralyzed for overa month 
last year by student revolts that eventually 
brought down a labor law already adopted by 
Parliament. This time, 
government will be coura 

Bernard Bobe, an economist at the 
Ecole Nationale Supérieure de Chimie in 
Paris. notes that Sarkozy. like Royal, has 
failed to address the old split between uni- 
versities and grands écoles, What's more. 
he is not convinced that the research and 
education system will be a high priority 
for Sarkozy, who has announced ambitious 


plans on a raft of other issues. France’s sci- 
ence system has proven extremely resist 
ant to reform, Bobe notes; “I think 
Sarkozy has the courage, but I’m not sure 
he has the ambition” to succeed where oth- 
ers have failed, MARTIN ENSERINK 
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Closing the Net on h <po 
Common Disease Genes | 


Huge data sets and lower cost analytical methods are speeding up the 
search for DNA variations that confer an increased risk for diabetes, 


heart disease, cancer, and other common ailments 
- “- 
2 en 


AFTER YEARS OF CHASING FALSE LEADS, Cox. chief'scientific officer of Perlegen Sei- broad. Traditionally, geneticists 
that th 


View, California, which single genes with potent effects, typically 


nered their prey. They are experiencin use le-genome scanning to identif king at lange families riddled with rare di 
rush this spring as they find, tim. dr cently co-authored & eases, st ystic fibrosis or Huntington's 
that a new strategy is enabling then P 


disease or inherited forms of cancer, By 


is that likely lis 
common diseases. By scanning thi 


racking a small number of genetic marker 


that were linked to disease in such familie 


of thousands of p 
sick with the healthy, biologists 
ing markers for DNA seq 
clearly increase the risk of ty 


researchers successfully homed in on the 


ene that causes disease 
¢ family “linkage” studies lacked 


disease, and vironmental exposures, however 
And yet it is these variant 


risk by $0% or less, that 


Their new 


which may raise 
Idi play a key 
non, complex diseases. (The 
deCODE Genetics in 
ed linkage methods 


power from the Human ¢ 


the more recent Haplotype Map that « 


human genetie variation, The hunt has been 


gene scanning and by efficient Iceland's adult po 


technologies available only in the mon disease gene 


What sets these studies apart from n alternative to traditional linkage 


gene discoveries claimed for the same 
ceases is th 
cally fa 


10 be due 


s, researchers have tried 


es” known t ie in 
pcess, stich as insulin pro 


y looked for associations 


confiden| between mutations in these candidates and 


sin in popul 
s. Fuel 
surprise: “NV 


But few have 
Uncommon beginnings 
The new discoveries mark a m 


The new s 
© spring has fundamentally altered the gene- 


id this 


wody’s candidat 
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hunting landscape. Rather than work witha few 
thousand genomic markers, scientists are now 
using gene chips that can scan an individual's 
DNA sample for anywhere from 100,000 to 
500,000 or more single-base changes. Known 
«as single-nucleotide polymorphisms (SNPs), 
these changes are selected to reflect pattems of 
‘common genetic diversity. Such high SNP den- 
sity makes it much easier to detect culprit DNA. 
changes. In addition, because the cost of using 
‘such chips has dropped sharply, scientists can 
test DNA from thousands of people, adding 
power to their studies. 

By compiling the SNPs from every DNA 
sample in a database, and comparing the 
SNPS in, say, heart attack patients to those in 
healthy people, it's possible to discern even 
subtle genetic signals that contribute to 
blocked arteries. The signals in G 
ies, emanating from a SNP or s 
don't necessarily mean that the SNPs them- 
selvesare influencing disease but rather that 
they're located in or near the problem DNA. 
one size never fits all." and other 
s -s will still be necessary to identify 
the DNA behind disease, says Kathleen 
Merikangas, a genetic epidemiologist at the 
National Institute of Mental Health in 
Bethesda, Maryland, For example, GWA 
studies eannot discern rare variants or extra 
copies of genes, which can have a strong 
effect on physiology. 


Gene bonanza 
The list of diseases and traits examined with 
GWA began as a trickle 2 years ago with a 
highly touted paper on macular degeneration; 
it hit ona new gene in severely affected 
patients. Last October eame a study that iden- 
tified a gene involved in memory, and in 
mber yet another gene surfaced that, 
‘depending on the version inherited, inereased 
therisk of Crohn'sdisease—an inflammatory 
bowel disorder—by as much as 56%, or 
sed it by 74%, in one group tested. AIL 
three studies have since been replicated. 
This year, the results began to come fast 


8 
i and furiously. In the first week of April, a new 


gene variant involved in prostate cancer and 
confirmation of a second were described in 
Nature Genetics. This new variant appears to 
raise the risk of prostate cancer by 58%, and 
in combination with other variants, including 
five in the same region discovered with a 
different technique. could explain a large 
proportion of cases in African Americans, 
according to the researchers who found them. 
Late April brought a trio of online papers 

in Science that presented three novel dia~ 

f betes gene variants; the studies also con- 
8 firmed a handful of other findings, includ- 


wew.sciencemag.ora 


ing a gene involved in controlling body 
weight that was published weeks earlier. 
Last week, two independent reports were 
published, also online in Science, of a genetic 
variant associated with heart disease that, in 
the one-quarter of Caucasians tested who 
carry two copies, increases the chance of a 
heart attack by more than S0%. 

“There is a great deal of excitement, 
because everyone realizes the field is chang- 
ing so fast,” says Judy Cho, who led the 
group that found the Crohn's gene and 
directs the inflammatory bowel disease cen- 
terat Yale University. 

The pace, most believe, will only 
quicken. The Wellcome Trust Case Control 
Consortium, a collaboration of 24 human 
is inthe United Kingdom, will soon 
report findings on seven diseases studied 
with GWA, including bipolar disorder, 
rheumatoid arthritis, and hypertension, 
Papers on type 1 diabetes and breast cancer 
are nearing publication: the latter will report 
similar findings to prostate cancer. says 
co-author Bruce Ponder of Cancer Research 
UK Cambridge Research Institute—a hand- 
ful of new genes that slightly raise risk, 


Clinical questions 
Whit do all these discoveries mean for med- 
‘With the notable exception of the mac= 
ular degeneration gene variant, which raises 
disease risk about two to three times in those 
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‘with one copy. most of the genes found so far 
boost risk only incrementally. Ahough a 
50% increase may sound substantial, in 
. For example, 
Ponder, a 60-year-old woman's breast cancer 
risk is 3%. If she carries two copies of the 
‘most potent breast cancer variant found by 
his group, which makes her 1.6 times more 
likely to develop breast cancer, her overall 
risk increases to just 4%. 

It’s also unclear how lifestyle modifica 
tions affect the total risk these variants con- 
fer—in other words, whether someone can 
use the information to lower disease risk, 
say, by exercising or dieting. On the other 
hand, if the gene is common, it may have a 
major impact on disease prevalence across a 
population, notes Merikangas, Although the 
risk may not be worrisome for an individual, 
a gene with modest effects may account for 
many cases of disease, 

These concepts are difficult to convey to 
patients, “There is a complete disconnect” 
between what the general public expects 
from susceptibility genes for diseases such 
as these, says Cox of Perlegen, and how they 
should be applied clinically. “The public .. 
really loves the concept of personalized 
medicine,” says Cox, “They don’t under- 
stand, and I don't think we've explained, that 
having something that’s statistically mean- 
ingful does not mean having something 
that's clinically relevant tot 
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Still, many predict that companies will 
jump at offering “risk predictors” directly to 
‘consumers, DeCODE has already released a 
test for TCF7L2, the highest-risk diabetes 
‘gene, which increases the chance of disease 
bby about 40% among those with one copy 
tested so far, and plans to offer a test for the 
heart disease marker, But most academic 
researchers say they need to know more about 
how these variants cause disease before 
nostic tests like this one can be usefil, “I'm 
not atall enthusiastic about rushing out to test 
people in the clinic” for the: 
David Altshuler of the Broad Institute in 
‘Cambridge, Massachusetts, who helped lead 
‘one of the teams studying diabetes. 

many biologists, interest focuses not 
‘only on risk assessment but also on a longer 


Selected Genome-Wide 


2007 


Type 2 diabetes 2007 32,500 


* Cases and controls including replicates. 


ion: better understanding 
diseases and designing improved treatments 
tocombat them, “The exciting part to usis. its 
‘opening up completely new hypotheses.” says, 
Lon Cardon of the University of Oxford. a col- 
Jaborator in the Wellcome Trust consortium, 
Many of the new results point to genes 
in unsuspected stretches of the genome, or 
to regulatory regions between genes, 
ignored by studies focusing on candidate 
genes. Members of one of the teams that 
type 2 diabetes, 
for example, at the start of the project com- 
«da list of 1000 candidate genes they 
thought they might find. None of the nine 
variants the group detected were on that 
original list, says Altshuler. 

The findings could also point researchers 
in new directions, to pathway’s not previously 
contemplated as drug targets. For example, 
the newly discovered heart disease variant 
falls in the same region on chromosome 9 as 
‘one of the new diabetes variants. “This is a 


stunner.” says Francis Collins, head of the 
National Human Genome Research Institute 
in Bethesda, Maryland, who helped lead one 
of the diabetes teams, because it could help 
explain why some people are vulnerable to 
both diabetes and heart disease. 


The next wave 

To unravel the deeper biology, scientists need 
to find still more susceptibility genes and 
understand how they inter ‘We need to 
now understand what happens if you have 
three risk alleles, or five, or seven,” says 
Thomas Hughes. who collaborated with 
Altshuler and is global head of diabetes and 
metabolism research at the drug company 
Novartis. Some could enhance or, alterna- 
tively, neutralize the effects of others, notes 


2 variants in same 123% 
tegion (L new) 


‘Pvariants (3 new) 80% 


* For highest risk variant. 


Institute in Bethesda, Maryland. But finding 
this second wave of disease variants will be 
much tougher, because their effects will likely 


be smaller—and will require massive data sets 
in onder to be detected. researchers say. 

Many scientists say that the best way to 
speed progress is by sharing data fresh from 
the genotyping labs, even before it’s been 
analyzed for gene-dtisease associations. But 
pooling data is more complicated than it 
sounds. One problem is that researchers may 
have to track down people who provided 
their DNA to a study to get their consent to 
have it distributed widely. DeCODE CEO 
Kari Steffinsson, who says the company’s 
informed consent agreement could pre- 
‘clude data sharing, has another concern: He 
argues that because investigators have often, 
collected data on clinical measures using 
different methods, pooling the data could 
lead to spurious associations. “It may be 
extraordinarily misleading,” he says. 


But the reality is that many common 
disease gene variants will likely go undis- 
covered without large collaborative 
efforts. The three diabetes teams, for 
example, were able to firmly pin down 
markers only because they shared their 
data, says Hughes. “Things that were 
deeply buried in our [gene] list... start to 
shine when you pool them with larger and 
larger populations.” he notes. Cho, the 
Crohn's researcher, admits that she and her 
colleagues rushed their first, potent gene 
into print, but now she realizes that "we 
have to combine forces with other people” 
to find the rest. 

The culture is already changing. For 
instance, the investigators who lead the 
National Institutes of Health (NIH)-sponsored 
Framingham Heart Study will make available 
later this year SNP data and clinical inform: 
tion with identifying information removed on 
9000 residents of Framingham, Massachu- 
setts, who have participated in the decades- 
Jong health study. And the Wellcome Trust 
consortium, which draws on existing cohorts 
in the UXK., already provides SNP data on 
controls to other researchers and later this 
summer will add data on subjects with dis- 
eases, To his surprise, says Cardon, “we 
didn’t find any [investigators] who did not 

Hoping to encourage such sharing, NIH 
expects to issue a new data-release policy 
in a few months that will request that any 
US. investigator receiving funding for 
GWA studies deposit their data sets in a 
central repository. (Only results of genetic 
analyses will be posted publicly: the SNP 
data on individuals, which could in theory 
be used to identify a person, will be avail- 
able to qualified investigators who agree 
not to distribute it publicly.) 

The proposed NIH policy. which will 
also restrict patenting, will ask that data be 
submitted as quickly as possible but provide 
a window—perhaps 9 months—to allow the 
original investigators to publish on it first. 
ntists expect that this first round of 
GWA genetic discoveries will taper off in a 
yearor nyo as they begin the stow, hard work 
of untangling what these genetic variants do, 
But among many biomedical researchers, 
a sense that the field of genomic 
medicine has entered a new phase, one that 
will finally test the promise of the Human 
Genome Project. “Are we on the threshold of 
2” says Neil Risch, 


somethii 


co. “I think so: 
JENNIFER COUZIN AND 
JOCELYN KAISER 
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Back to the No-Analog Future? 


Fossil pollen and climate models suggest a messy world in 2100, as surviving species 
reshuffle into entirely new combinations, creating “no-analog” ecosystems 


Fly over northern Indiana, and you'll see a 
«quilted landscape of corn and soybeans, pu 
{uated by glacial lakes. The gelatinous mud in 
those lakes has preserved plenty of fossil 
pollen, from which paleoecologists have 
reconstructed a record of the region’s past 
Now, that same fossil pollen is providing a 


alimpse into Earth's ecological future—and 
tS not a pretty picture 
Itstuggests that, ifthe climate changes over 


the next 100 years ts current models predict 
surviving species throughout much of Earth’ 
Jand area will not simply migrate north and 
south en masse as unchanging communities, 
as Charles Darwin once believed. Instead, 
they are likely to be reshuffled into novel, 
‘ecosystems unknown today. If that view is 
ceven partly correct, then the task of preparing 
for, or even predicting, the ecological effects 
‘of climate change just got a whole lot harder. 
Analyses over the past several decades 
have shown that during the last North Ameri 
can ice age. as the Laurentide Iee Sheet 
retreated into Canada 17,000 to 12,000 years, 
4g 80, the region from Minnesota to Ohio to 
& Tennessee supported a forest of spruce. sedge, 
® oak. ash, and hophornbeam—an ecosystem 
i that simply doesn’t exist today, despite the fact 
that all of those species stil survive, These 
i odd communities—called “no analog” 
§ ecosystems because no modem counterparts 
for them exist—likely arose from odd combi- 
nations of climate variabl 
i 
i 
5 


tion, temperature, and seasonal variations that 
also don’t exist today, say John Williams of the 
University of Wisconsin, Madison, and 
Stephen Jackson of the University of 
Wyoming in Laramie, 

Williams helped demonstrate the conne, 
tion between no- 


nalog communities and cli- 


mate during his Ph.D. work at Brown Univer- 
sity in the late 1990s, when he compared 
pollen and climate records for dozens of 
field sites across the eastern United States, 

That result, published in 2001, piqued 
Williams’s interest in whether climate 
change over the next century might lead 10 a 
similar type of ecosystem reshuffling—and 
whether these changes could be predicted. 

“It was a logical next step.” says Williams, 
“to think about the future.” 

To find out, Williams and Jackson teamed 
up with John Kutzbach. a climate modeler at 
the University of Wisconsin, Madison. They 
have analyzed the outputs of standard climate 
models to try to map geographic areas that are 
likely to experience novel climates, which in 
turn could result in no-analog communities. In 
paper published online in the Proceedings of 
the National Aeademy of Sciences (PNAS) on 
27 March, they project that by 2100, depend 
ing on which climate scenario and model they 
0 39% of the world’s land area will 
experience combinations of climate variables, 
that do not currently exist anywhere on the 
globe. Areas with these novel climates are 
likely to develop no-analog ecosystems. 

Jackson, Kutzbach, and Williams fed two 
standard greenhouse scenarios into the 
models: the pessimistic A2 scenario, in which 
CO, concentrations reach $50 parts per mil- 
(ppm) by 2100, and the more optimistic 
nario. in which CO, climbs to 550 ppm. 
They divided the world’s landmasses into grid 
cells measuring 2.8" latitude by 2.8° longitude 
and, for each cell, looked at what the models 
predict for four climate variables: mean 
suummer temperature, mean winter tempera- 
ture, mean summer precipitation, and mean 
winter precipitation, 
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Brownout. With warmer winters, mountain pine 
beetles have chewed through millions of hectares 
‘of forests in British Columbia. 


For each spot on the map, they compared 
the forecast climate in 2100 with baseline eli- 
mate from 1980 to 1999, To test whether 
these forecast climate changes would be sul= 
ficient to reshuffle ecosystems, they com- 
pared them with variations in climate that 
underlie different ecosystems in the same 
geographic area today (for example, decidu- 
‘ous forest and pine forest). 

Not only will novel climates appear, 
according to the analysis, but existing climates 
will disappear for 4% to 48% of the world’s 
land area. In other words, the conditions that 
now exist in these areas will not be found any. 
where in the world by 2100, These globally 
disappearing climates signal the likelihood for 
significant ecological disruption, if not neces- 
sarily no-analog ecosystems. "This isa conser 
Vative analysis.” says Jackson, “If we added 
more climate variables, we'd probably end up 
with more disappearing and novel climates.” 

New climates are expected to cause 
ecosystem reshuflling as individual species, 
constrained by different environmental fae- 
tors, respond differently. One tree may be lim 
ited by summer rains that hold back seedling 
recruitment, for instance, whereas another 
species may be limited by winter freezes that 
control insect pests. Some species may 
migrate up-latitude or up-elevation, while oth- 
‘ef stay put. An ecosystem might see many 
species vanish —but also new arrivals, 

Williams and colleagues project that the 
tropics, including Amazonia, will see the most 
pronounced no-analog climates. with rising 
temperatures pushing these already-warm 
‘areas outside of any climates currently known, 
today. Soaring temperatures combined with 
drought could selectively kill taller, eanopy- 
forming trees—rapidly transforming eco- 
systems by increasing sunfight and drying at 
ground level 

Within North America, the team predicts 
that the southeastern United States will see 
no-analog climates, driven by a selective 
rise in summer temperatures. The result 
could be increased wildfires in forests that 
are poorly adapted to fire, leading to rapid 
‘opening of the canopy unless those forests 
are mana; 

“Lapplaud their work,” says William 
Hargrove. a landscape ecologist at Oak 
Ridge National Laboratory in Tenness 
“We've seen an explosion of climate- 
change models turning out results, but 1 
don’t see as much work on the prognostic 
impact of these results on ecosystems.” In 
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a similar exereise, published in 200 
Hargrove and colleagues mapped changes 
in seven climate variables across the United 
tes. They predicted a higher rate of van- 
ishing climates by 2100 than did Williams, 
Jackson, and Kutzbach, Hargrove attributes 
some of this difference to the fact that his 
team considered not only climate but also 
other ecologically relevant variables, such 
as soil type and landscape topography. “If 


ecological change. 

One of the big 
and disappearing climates is whether 
species whose preferred climates disappear 
locally can migrate to other areas where suit 
able climates still persist. As described in 
PNAS, Williams, Jackson, and Kutzbach 
performed a second analysis examining this 
Very question. For each point on the map 
where the climate changes by 2100, they 
examined the surrounding areas to deter- 
mine Whether the current climate would 
persist elsewhere within a S00-km radius, 
Imposing this constraint increased the pro- 
portion of disappearing climates to 14% to 
85% of the world’s land area, depending on 
the climate scenario and model. 
tion corridors are often proposed 
to facilitate the movement of 
species in response to climate change: but 
this analysis suggests that often there may 
be no suitable refugia nearby, “Even if 
these species can migrate quickly enough, 
says Jiekson, “they may effectively have 
nowhere to 0." 

Rapid shifis in the pollen record lead some 
people to predict that future changes could be 
sudden as well, Some argue that it’s already 
happening, with droughts across the South- 
\western United States between 2000 and 2005 
killing over 80% of adult pion trees in some 
stands, drastically altering the pifion-juniper 
‘woodlands. If drought frequency increases in 
the Southwest, as some climate models pre- 
dict, then other species could seize the niche 
vacated by those dead pifions, permanently 
altering the landscape’s canopy structure 
hydrology, and fire regime. “Its going to be 
interesting to see what happens there in the 
§ next 20 years,” says Jackson. “This ecosystem 
= may or may not come back.” 

3 Others remain circumspect. Craig Allen, a 
2 landscape ecologist who observed the die-offs 
3 firsthand from the U.S. Geological Survey's 
& 
i 
z 
5 
5 


Jemez Mountains Field Station in 
. points out that the proximate 
use of most pifion mortality was beetle 
infestation. That means many juvenile tree 
survived, and these could restore pifion 
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Brave new world. Pessimistic (A2) and optimistic (81) greenhouse scenarios predict that novel climates 
will appear across the tropics by 2100, while curent climate types disappear inthe tropics and the higher 
latitudes. Color scale represents degree of diference from current climate, with yllow-orange-red indicating 
sigoiticantly diferent climate by 2100 and substantial risk for developing no-analog ecosystems. 

SS 


populations within decades if further 
droughts don’t intervene. 

The prospect of novel climates has people 
rethinking traditional goals such as maintain- 
ing native ecosystems. “That's probably going 
to be impossible,” says Nathan Stephen: 
research ecologist at the USGS Western 
cological Research Center in Three Rivers, 
‘alifornia. “But what you can still do, even if 
you can’t maintain native communit 
Potentially maintain regional biodiversi 
ecosystem functions.” 

Nowhere is this point of view more evident 
than in the management of forests—whe 
human intervention has always been heavy. In 
British Columbia, climate-related surges in 
mountain pine beetles and fungus have 
browned millions of hectares of trees in recent 
‘years. Ecologists there are thinking about how 
to maintain a forest that will provide reliable 
watersheds, wildlife habitat, and lumber sup- 
plies into the future. The solution could 
involve planting different mixtures of tr 
species or replanting forests using seed stock 
from warmer areas. says Del Meidin 
ecologist with the British Columbia Ministry 
of Forests and Range in Victoria." 
plant something that will survive now but will 
still grow well into the future” in a changed 
climate, says Meidinger, 

Land managers would love to pre 
how ecosystems will reorganize, what sorts 
of no-analog communities might eme 
and which species will dominate. Ecolo- 
gists have produced niche models that pre- 
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dict species’ future geographic distribu- 
tions based on climates in their current 
locations, But that approach may break 
down when it comes to future no-analog 
mates, says Williams, “You're limited by 
what you can observe today.” he says, “Ita 
real problem for making ecological fore- 
casts for climates that are outside the cur- 
rent range of abservatio 

One promising approach to making better 
forecasts is to base them on experimentally 
determined physiology. Ronald Neilson, a 
bioclimatologist with the Forest Servic 
Pacific Northwest Research Station in 
Corvallis, Oregon, is developing such a 
model. It predicts drought-induced mortality 
and fire by calculating how much leaf area 
can be supported by local moisture levels, 
based on measured rates of leaf water loss. 
‘What we're simulating at the mome! 
plant functional types.” says Neilson. “We 
‘want to get to the species level? 

This year, Neilson and Michael Loik of 
the University of California, Santa Cruz, will 
take the first step in that direction. They'll 
begin a seedling transplantation study to 
measure the physiological tolerances of a 
single species: Jeffrey pine. in the eastern 
Sierra Nevada of California. an effort- 
intensive approach, to be sure, but under- 
standing the implications of a no-analog 
future might require no less. 

DOUGLAS FOX 


Douglas Fox is a freelance science writer based in 
northern California. 
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NEUROLOGICAL DISORDERS 


Stern countenance. 


The Mystery of the Missing Smile 


Genetic studies and an ineffective abortion drug have provided some of the few clues 
researchers have about a rare disorder that hampers facial expressions 


BETHESDA, MARYLAND—People can’t always 
tell when Tim MeCaughan is joking, Several 
years ago, a recently hired colleague cong, 

ulated him or 
sure it was well-deserved, 
you know?” MeCaughan quipped, play fully 
Suggesting that maybe he didn’t deserve the 
promotion afierall, But his face didn't convey 
that he was joking, and the woman thought he 


1 promotion, saying she was 
“Well, how would 


\was being a jerk. MeCaughan has a rane neu- 
rological condition called Mébius syndrome 
that limits his ability to smile and make other 
facial expressions, 

People often take me much more seri- 
£* says MeCaughan, a 


senior producer at CNN who oversees the 


ously than [ really ai 


news network's coverage of the White 
House. He eventually managed to smooth 
things over with his colleague, who became 


his wife a I'm still living 


few years later. 


that one down,” he si 
MeCaughan’s case of Mobius syndrome is 
on the milder side of a wide spectrum. Many 


people have more extensive facial paralysis 
that impairs their speech and causes difficul- 
ties with eating. Limb deformities such as 
clubfoot often accompany Mobius syndrome. 
And for some unknown reason. autism 


appears to be far more common in people with. 
the syndrome than in the general population, 
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An international 


geneticists, and other specialist: 


ists, 


oup of neurolc 
wathered 
he first scientific confer 


here recently for 


ence” on this my nital disorder 


They explored possible genetic and enviror 


al treat 


gers, discussed poten 


ments, brainstormed research strateg 


hashed out a consensus set of di 
teria, “T 


s ts really at such an early stay 
says John Porter, a pro 
National Institute of Neurol 
and Stroke, one of the meetin 
The meeti od st 

the biology of Mabius syndrc 
to be easy, Porter says, 


1m director at the 


-al Disorders 


2s sponsors. 


asa 1, but cracking 


ie isn't 
I think the mechanis- 


tic insights are going to take a while. 
Frozen faces 

The syndrome is named for Paul Julius 
Mobius, a German neurologist who published 
an early description of it in 1888, (He was also 
the grandson of August Ferdinand Mabius, 
the mathematician of Mébius strip fame.) 
Accord ment developed at the 
12 charac 


ness and impaired 
ability to move the eyes tothe side—symptoms 


‘esearch conterence, 
24-25 April 2007 
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that 


wre present at birth and don’t worsen with, 
age. Researchers estimate that Mabius syn- 
drome occurs in 1 of every 50,000 live births, 
affecting boys and girls equally often. 

The core symptoms of Mabius syndrome 
point to defects in two cranial nerves: the 
abducens nerve, which innervates the lateral 


rectus muscles that rotate the eyes toward the 
side of the head: and the facial nerve, which 
innervates the muscles of the face. Yet, there 
doesn't seem to be a single neuropathological 


gnature of the disorder, 


At the conference, George Padberg, a neu- 
at the University Medical Center in 


Nijmegen, the Netherlands, described mag- 
2 studies he and col- 
visualize the nervous 


netic resonance ima 
yes have donk 


system in people with Mabius syndrome, as 
well as findings from electrophysiological 


This work has 


tests of nerve function. 
revealed a variety of defects. In some 
Patients, the eranial nerves appear to be dam- 
aged or even missing, Others have abnormal- 
ities in the brainstem that include—and often 


the region where the 
ate, Based 


extend beyond 
abducens and facial nerves or 


on these and other findings, Padhy 


ig Suspects 
that Mobius syndrome results from 


miscues that derail the embryonic develop- 
ment of the brainstem, 

But the search for the relevant genes has 
yielded little fruit so far, The rarity of the dis- 


order, coupled with the fact that only about 


2" of eases are inherited, makes it difficult to 


find a sufficient numbe 
netic linka 
Jabs,a geneticist 


of subjects for 
s Ethylin Wang 
«Johns Hopkins University 


in Baltimore, Maryland, The complexity of 


the disorder and lack of precise diagnostic 


eriteria have also complicated matters, Jabs 


sys. Padberg’s group, for example, has pub- 


lished studies identifying regions of chromo- 


some 3 and chromosome 10 as likely loci of 
nes related to inherited Mabius syndrome 
in two Dutch families, but other researchers 
point out that individuals in these families 


lack the eye-movement irregularities neces- 
sary to qualify as true cases of Mobius syn- 
drome. (Padbe 
dow that the 


’S a more precise definition 
of the disorder, the next step for finding 
Mobius genes, Jabs and others say, will be to 


create a central database in which researchers 


can share clinical and genetic data on Mébius, 
patients. Jabs has started a database that now 
includes clinical data and/or DNA samples 
from 89 people with Mébius syndrome and 


more than 100 relatives, and other research 
teams have similar data, 

Researchers are also looking to related dis 
orders and mouse models of brain develop- 


org 


ment for clues. At the conference, Elizabeth 
Engle, a pediatric neurologist at Children’s 
Hospital Boston, described her team’s 
research on several inherited neurological 
‘conditions that share symptoms with Mobius 
syndrome. Athabascan brainstem dyszenesis 
syndrome (ABDS), named for the Native 
American population in which it was first 
described in 2003, causes impaired lateral eye 
movements and sometimes facial weakness as 
well, Similar symptoms had been reported in 
mice lacking a gene called Hoxa/, one of a 
family of genes that guide embryonic devel- 
opment, People with ABDS inherit a tr 
cated copy of the human version of the gene, 
HOXAI, Engle and colleagues reported in 
2005 in Nature Genetics. Is possible that 
spontaneous mutations in HON could be 
involved in Mobius syndrome, Engle says, but 
¢ has looked. Jabs has been sereen- 
ing her Mébius patients for mutations in two 
other Hav genes, HONB] and HOXB2, based 
on findings of facial nerve abnormalities in 
mice lacking these genes. So far, however, 
nothing has tumed up. 


Misoprostol is typically used in the first 
trimester of pregnancy, and in the sample of 
Mobius children Ventura has worked with, 
misoprostol exposure occurred on averag. 

about 40 days afier conception. 


Some researchers have proposed that 
Mobius syndrome can result from a transie 
interruption in fetal blood circulation, and 
‘Venturaand others think the misoprostol find- 
ings fit with that idea. One possibility is that 
uterine contractions evoked by the drug dis- 
rupt fetal blood supply during a erucial sa 
of development, causing neural circuits in the 
brainstem to be permanently miswired. 
Other researchers are exploring the 
apparent link between Mobius syndrome and 
autism, Research teams from Sweden, 
Canada, and Brazil reported at the con 
ence that roughly a third of their Mobius 
patients have autism spectrum disorders 
sams from the United States and the Nether- 
lands reported autism rates of 3% of less, 
however. One possibility is that the mis- 
of the brains’ 


Mabius syndrome somehow predisposes 
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Jong-term effects of such relative social depri- 
vation could be substantial, Schmidt says. 
Unfortunately, there's little help for the 
neurological symptoms of Mobius syn- 
drome. One dramatic exception is “smile 
surgery” developed by plastic surgeon 
Ronald Zuker at the Hospital for Sick Chil- 
dren in Toronto, Canada, At the conference. 
Zuker described the 8-hour procedure, 
\which he has performed in hundreds of chil- 
dren since the late 1980s. Zuker’s team 
transplants a small piece of muscle from the 
patient's thigh to the face and positions it so 
that it will raise the upper lip when it con- 
tracts. To innervate the transplanted muscle, 
the surgeons usually reroute a nerve that 
innervates the masseter, the muscle that 
hewing. Ini- 
tially, the patients need to think about clamp- 
ing their jaws to fire the nerve and elicit a 
smile, Zuker says, but with time the smile 


raises the lower jaw duri 


becomes more automatic. 


Zuker showed several before-an 
videos that revealed striking diffe 


fier 
nces, One 
boy, when asked to smile prior to surgery, 


Something to smite about, Mébius syndrome robbed Chelsey Thomas of a smile (eft); plastic surgeons gave her a new one in two stages. 


troubling drug problem 
Garbled genes aren't the only way to get 
Mébius syndrome. Since the mid-1990s, 
dozens of cases of Mabius syndrome have 
been linked to misoprostol, a drug com- 
monly used by women in Brazil to induce 
abortion. Elective abortion is illegal in 


Brazil, but misoprostol is cheap and widely 
available, 
Liana V 


ys pediatric ophthalmologist 
ntura of Fundagie Altino Ventura, 
in Recife, Brazil. Although 
misoprostol is used in three-quarters of abor- 
attempts in Brazil, itis not particularly 
Up to 80% of pregnane 
to term, and about 20% of those result in an 
infant with Mabius syndrome, Ventura says, 


s continue 


people to autism. Another, more speculative 
hypothesis is that the limited factal expre 

sions in infants with Mobius syndrome hin- 
der social interactions early in life, thereby 
stunting the development of the brain's social 
circuitry and leadi 
char 


0 social 


npairments 


istic of autism. 
‘We have evolved to use our faces as.a pri- 
mary means of communication, both thro 


it. 
University of Pittsburgh in Pennsylvania who 
stuidies facial behavior. An infant with Mobius 
syndrome is less able to smile and interact 
with others, and many children with Mobius 
syndrome are shunned by their peers. The 
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looked 
closer toa grimace or frown, the corners of his 
mouth moving slightly sideways and down- 
ward. After surgeries on both side 
Was unmistakable, and he ev 
modulate it accordin, 
fel like smiling or was merely indulging the 
‘cameraman for the umpteenth time. 

Still, smilesaren’t for everyone—at least 
not all the time. MeCaughan, whose work at 
CNN has given him the opportunity to 
travel with and interview several US. presi- 


could only muster an expression th 


his smile 
seemed to 
g to whether he actually 


dents over the years, says his condition 
mes works in his favor, “I'd say I've 
got the best deadpan in the business when 
asking a question.” ~GREG MILLER 
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surface work, and flow rates can be run fast 
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POLICY FORUM 


LETTERS 


edited by Etta Kavanagh 


Overshoot” Scenarios and Climate Change 


IF IT 1S DESIRABLE TO REMAIN BENEATH LOW LEVELS OF ATMOSPHERIC CARBON DIOXIDE 
concentrations, and if W. S. Broecker (CO, arithmetic.” Policy Forum, 9 Mar., p. 1371) is 
‘correct that this will be difficult to achieve by systematic emission reductions alone, then radi 
eal think 

So far, the scientific communi 


\eross a broad 


of options is required. 


has considered climate cha 
technical and economie futures without any explic 


action to curb emissions, H 
followed, such a scenario could take us into the territory of dangerous climate chat 


which society would need to adapt. The community has also considered what emissi 


Ways would be needed to avoid crossing unacceptable or “dangerous” levels. These 


ion of climate, but invar 


eventual stabiliz 


bly require massive reductions in fossil fuel bu 


ing, starting soon, The latter places a burden on the current and next few generations, while the 


former leaves the potentially huge problem of deal 


h the adverse effects of climate 


change to future generations, The bal 


nee of taking action now and 
2. (2), 
It is against this dilemma that the concept of “overshoot 


action are an area of active debate [ 


scenarios is emerging in which 
atmospheric concent 


ations and/or associated temperature increases could temporarily exceed 


target levels (such as the 2°C warming favored by the European Union) before declinin; 


stabilization. In this scenario, emis- 
sions would be reduced less severely 


“If emissions targets are not 
met, or if the impacts of climate jsser on (possibly using earbon cap. 
change are greater than expected, tw 
we might well find ourselves inthe ‘°2™ 
position of having a greenhouse 


gas level that is ‘dangerous’... 
—Huntingford and Lowe 


he short term, but more severely 


technology), when compared 
As 


such, “overshoot” could 
scious policy that removes some of 
the burden of mitigation from the 
present 


future generations from exposure to 


rations while protecting 


the most severe impacts. However, it 
‘comes with the inherent risk that the clin 


a state from which recovery becomes 
impossible, The risks associated with “oversh and reversibility in climate change on 
practical time scales remain an open research question requiri 

Iter tS are not met, or if the impacts of € 
expected, we might well fin 


tention. 


issions 


are greater than 
reenhouse gas level th 
In this case. the capability t 


mate chang. 


‘ourselves in the position of havi 


any thus accidentally following an overshoo 
draw CO, from the @ 


ous, scenan 


mosphere m 


(CHRIS HUNTINGFORD? AND 
JASON LOWE? 


‘centre for Ecology and Hydrology, Wallingford, Oxfordshire, OXLO 888, UK. *Met Office Hadley Cente, Reading Unit 
Meteorology Building, Berkshire RG6 688, UX. 
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CO, Emissions: 
A Piece of the Pie 


IN HIS POLICY FORUM “CO, ARITHMETIC" (9 
Mar, p. 1371), W. S, Broe 
of a permissible cumulative CO, emissions 


cer uses the idea 


pic” to conceptualize the allocation of 


future emissions among the world’s nations, 


The size of the pie is determined by the tar 
get for au 

bilizati 
lan 


jospheric CO, concentration sta- 
n; the hij 
r the pie, To calculate the size of the pie 


for different stabilization levels, Broecker 
notes that, for every 4 Gt of carbon emitted 
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tive emisions (AO) 


Aiborme fraction 
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‘eat 

(Top) WRE concentration stabilization profiles (2) 
stabilizing at 450 ppm (in 2100), 550 ppm 
(in 2150), and 650 ppm (in 2200). (Middle) 
Corresponding cumulative emissions from mid- 
2007, Emissions are the sum of fossil and land-use 
change emissions. The horizontal lines show the 
allowable cumulative emissions given by Broecker 
for the 450 and 550 ppm stabilization cases, Arrows 
show how much larger the corrected cumulative 
emissions are compared with the Broecker estimates. 
(Bottom) Airborne fractions (change in atmospheric 
loading per unit total emissions) forthe three sta 
bilization cases, Broeck tthe airborne 
fraction will remain constant at the present value 
{around 0.5) 
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today, atmospheric CO, concentration in- 
creases by about | ppm. This corresponds to 
a current airborne fraction (i.e., the change 
in atmospheric loading per unit of totsl 
emissions) of about 0.5, He then assumes 
that this value for the airborne fraction can 
be applied to future concentration stabiliza- 
tion scenarios: i, he assumes that every | 
ppm of concentration increase relative to 
today increases the size of the pie by 4 Gt 
of carbon, This assumption is incorrect and 
leads to a serious underestimate of the size 
of the pie. 

‘A more credible estimate of permissible 
future emissions is shown in the accor 
nying figure, based on the standard WRE 
concentration stabilization profiles updated 
from (/). The figure shows the concentra~ 
tion profiles for stabilization at 450, $50, 
and 650 ppm, levels chosen here purely for 
illustrative purposes. Corresponding emis- 
sions (middle panel) are calculated with an 
inverse version of the MAGICC carbon 
cycle model (2), which accounts for both 
CO, fertilization and climate feedbacks on 
Climate feedbacks are 
important because, for any given stabiliza- 
tion profile, they reduce the allowable emis- 
sions significantly below those that would 
be implied if climate feedbacks were ig- 
nored, It can be seen that Broeeker’s esti- 
mates of total cumulative emissions are 
‘much less than those calculated by the ear- 
‘bon cycle model. The model also shows that 
cumulative emissions continue to rise for 
centuries after concentration stabilization 
This reflects a continuing and only slowly 
decreasing flux of CO, into the oceans, in 
turn arising from the very long time 1 
takes for equilibrium between the atmo- 
sphere 

The rei y 
so low is because of his constant airborne 
fraction assumption. Although this is a use~ 
ful approximation when CO, emissions are 
increasing, it cannot be applied to stabiliza- 
tion cases where emissions must eventually 
decrease. That this assumption is incorrec! 
in such cases is clear from the fact that, at 
stabilization, the airborne fraction must drop 
to zero. The decline in airborne fraction 
from the present value of around 0.5 to zero 
at stabilization is shown in the bottom panel 
of the figure. 

The primary objective of Article 2 of the 
United Nations Framework Convention on 
Climate Change is stabilization of atmo- 
spheric greenhouse gas concentrations. De- 
scribing a CO, concentration stabilization 
target in terms of an allowable cumulative 
emissions “pie” that must be divided amongst 


nations in some equitable manner is an 
elegant way of visualizing this objective. 
Through this image, Broecker’s Policy Forum 
provides a useful service. which, in principle, 
may help policy-makers construct policies 
that are more scientifically well founded 
than, for example, the Kyoto Protocol. It is 
unfortunate that Broecker has underest 
‘mated the size of the pie and ignored the fact 
that the size of the pie changes over time. 
Nevertheless, even with the much larger pie 
derived here, the message that the emissions 
requirements of the pie present a formidable 
technological challenge to society remains an 
important policy implication. 

TOM ML WIGLEY 
National Center for Atmospheric Research, Boulder, CO 
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Response 

WIGLEY IS CERTAINLY CORRECT IN HIS ASSER- 
tion that on a time scale of several hundred 
years, the size of the carbon pie would be 
considerably greater than my estimate of 
720 Gt of carbon, The reason is that, as the 
CO, content of the atmosphere approach 
stabilization, ocean uptake becomes ever 
‘more important, But during the transition 
period (now to 2075 A.D.) when the world is 
struggling to reduce its CO, emissions, the 
permissible net CO, emissions would be on 
the order of 720 Gt of carbon or, using the 
ocean model adopted by Wigley. 900 Gt of 
carbon (see figure below) 

Then, as Wigley points out, over the fol- 
lowing 200 years (2075 to 2275 A.D), 
another 720 or so Gt could be added without 
any substantial increase in the atmosphere's 


on 
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(On the basis of Wigley's model, the release of 720 Gt 
‘of carbon during the transition period from 2000 to 
2075 AD. would raise the atmosphere’s CO, content 
2520 ppm. To bring it to S60 ppm during the same 
period would allow approximately 25% mare CO, to 
be released to the atmosphere. 


CO, content. I purposefully avoided the long 
term because my goal was to show, in a sim- 
ple way, that, if an upper limit of 560 ppm 
‘were set and if the carbon pie was divided 
according to population, the rich countries 
‘would face a monumental emission-redue~ 
tion task, 

With regard to the post-2075 world, I sus- 
pect that to quell the continuing rise in sea 
level driven by the melting of the polar ice 
caps, there would be a desire to bring the 
aimosphere’s CO, content back down at a 
rate far faster than offered by the ocean. If, 
as I deem necessary. CO, capture from the 
atmosphere is to become a major player, 
then in the post-2075 A.D. world it would be 
tused to accomplish this drawdown, 

Hence, although useful during the 75- 
year or so period of transition from busi- 
nessnas-usual CO, emissions to no net CO, 
emissions, the carbon-pie concept will have 
little value in the posttransition period, 

Once it is stabilized, | suspect that CO, 
capture from the atmosphere will be used 
not only to compensate ongoing CO, emis- 
sions but also to draw down the atmo- 
sphere’s CO, content 


WALLACE 5, BROECKER 


Lamont Ooherty Earth Observatory of Columbia University, 
Palisades, NY 10964-8000, USA. 


Biobanking Primer: Down 
to Basics 


COLLECTION AND STORAGE OF BIOLOGICAL 
samples for genetic research are inereasing, 
(J). The implications of biobanking go well 
beyond the participant to the family and 
include general findings about discrete 
subpopulations (2). Research persont 
members of Research Ethics Boards (REBs) 
share responsibility for obtaining informed 
consent and ensuring the protection of par- 
ticipants and the confidentiality of personal 
genetic and other medical and sociodemo- 
graphic information (3). Do they have the 
necessary expertise to fulfill these responsi- 
bilities? They need to be aware of new nor- 
mative frameworks that address ethical 
ues in population-based genetics research 
(4) and to understand that euiding principles 
in traditional medical ethics might not be 
sufficient (5). Several studies have noted 
variability in the way RE juate a given 
research protocol. running the gamut from 
approval without condition to refusal (3, 6, 
7). Ongoing training for those involved in 
biobanks should be a fundamental institu- 
tional priority to obtain appropriate informed 
consent from participants. 
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Three essential elements must be ad- 
tor (PI) 


dressed, First, the principal investi 
must ensure that research personnel are 
competent to provide simplified, yet com- 
plete, information when r 
pants for biobanking studies. 
Second, REBs must provide training spe- 
cific to biobanking. Institutions should pro- 
rainin; 


ruiting partici- 


vide funds permitting this ong 
for researchers, as well as REBs, where the 
requirement for expertise is essential. Those 


ng biobanks should contribute finan 


cially to relevant ethics training. This could 
be made p 


latory for research personnel 
Third, the study population should be 
The Pl, working with the REB, 
needs to ensure that they are well informed 
about the research and biobanks. This part 
nership would help to bridge the gap be- 
tween two entities that are often more like 


involved. 


adversaries, rather than partners with the 


same objectives, This three-pronged 


underpins the principles of the 2003 
International Declaration on Human Genetic 
Data of UNESCO, article 24 (8%. 

In light of the increasing interest in 
biobanking 


training of REBs and research 
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The Simplest and Most Effective Way 


to Analyze and Graph Data! 


}>SigmaPLOT 


Exact Graphs for Exact Science 


Publish your 
Streamine your 


personnel should be part of the mission of 
stitution to ensure a more coherent 
aining informed participation. 
would be applicable to many 
(CHRISTIANE AURAY-BLAIS® AND 
JOHANE PATENAUDE? 
Service of Genetics, Department of Pediatrics, Faculty of 
Medicine and Health Sciences, Université de Sherbrooke, 
‘Sherbrooke, OC. Canada J1M SN. “Department of Sugary, 
Faculty of Medicine and Health Sciences, Université de 
Sherbrooke, Sherbrooke, OC, Canada J1H SH. 


process in ob 
Such trainin; 


innovative ini 


*To whom correspondence should be addressed. E-mail: 
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CORRECTIONS AND CLARIFICATIONS 


Reports: “Picobiliphytes: a marine picoplanktonic algal 
‘roup with unknown affinities to other eukaryotes” by 
Not et al. (12 Jan, p. 253). There were two erors on page 
253. n the abstract, the second sentence is incorrect. ft 
‘ould ead, “Adistictpicoplanktonic algal group, intially 
etecte from 185 ribosomal DNA (DNA) sequences, was 
rdized with *RNA-targeted probes, detected by tyra 
‘mide signal ampifiation-fuorescet in situ hybridization, 
and showed an organelle-like body with orange fluores 
‘cence indicative of phycobilns.” In the author afiiations, 
an institution (CSIC) was missing from Ramon Massana’s 
affiliation, It should be Institut de Ciéncies det Mar, 
(SIC, Passeig Maritim de la Barceloneta 37-49, 08003, 
Barcelona, Spain 
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PHILOSOPHY OF SCIENCE 


The World of Science 


Peter Lipton 


strained by evidence, But almost every inter- 
‘mediate position has its supporters. 

Many philosophers of science think that 
although the whole truth and nothing but the 
truth is an asymptote, science is producing 
objective and increasingly comprehensive 
descriptions of a largely invisible world, Other 
philosophers would not go this far, Some 
‘would insist that even our best scientific theo- 
ries are only models, whose job itis to gener- 
ate accurate predictions, not to reveal a hidden 
lity. Some are depressed by the graveyard 
of discarded theories that litter the history of 
science, theories that were predictive 
cessful for a time but that we now know to 
be fundamentally mistaken. The claim that 
texlay’s science has finally gotten on the right 
track may souind like whistling in the dark 

Most philosophical retreats from the full 
blooded truth view take one of two forms: 
partial truth or constructivism, On partial 
truth approaches, we should believe only 
certain aspects of our best theories. Perhaps 
‘we should only believe what those 
theories say about observables, 
orabout abstract structures, or 
about conerete entities. Con- 


struetivism is more subile, 
Here what is to be adjusted 
isnot how much truth we 
n. but our conception 
8 10 be true 
Perhaps what theories in the 
natural sciences deseribe is not 
‘a world entirely independent of us, 
but rather a world that is partially struc- 
conception of it 

The most famous version of construc- 
tivism comes from the great 19th-century 
philosopher Immanuel Kant. He held that 
there is indeed a world of “things in them- 
selves,” but because of its radical independ- 
ence from human thought, that is a world we 
can know nothing about. By contrast, the 
“phenomenal” world that science describes is 
a world partially constituted by us. The phe- 
rnomenal world isa joint product of the things 


tured by our own 


The reviewer is in the Department of History and 
Philosophy of Science, Cambridge University, Free School 
Lane, Cambridge CB2 38H, UK. E-mail: PeterLiptong 
Kings camac.k 
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in themselves and the struc- 
turing activity of the mind 
And according to Kant we 
bring a lot to the party. The 
human contribution to the 
phenomenal world includes 
space, time, and causation, 
A more recent proponent 
of a version of construc- 
tivism is Thomas Kuhn, Like Kant, Kuhn held 
that the world described by science is a 
world partially constituted by cognition, But 
whereas Kant held that there is only one form 
the human contribution could take, Kuhn 
argued that the contribution changes as sci- 
ence changes. Kuhn is Kant 


Perspecti 


by Ronald N. Gie 


‘Constructivism is no 


In what sense do scientists 
world they study’? What is the human element 
baryons? Kuhn attempted to clarify 
nstructivism in terms of taxonomies. 
Acconding to him, the things in themselves do 
not come predivided into natural kinds. It is 
the scientists who have to divide things up. 
Thus while talk of baryons is talk of som 
thing in the world, the category is given by s 
ntsts, not by the joints of nature 
Kant explained his construc- 
tivism differently. appealing to 


Hue circle. There is no simple lin- 
ear relationship between wave- 
length and color 

properties such as colors, 

properties that already seem 

anthropocentric. Colors are n 

quite identified with human color 
experiences, but they are taken to be 

defined in terms of those experiences. To say 
that the ball is red is to say that it is disposed 
tocause us to have red experiences. Thus col- 

‘ors are not in our heads (and the ball is col- 

red even in the dark), but they are defined in 

terms of what goes on in our heads. Kant’s 

claim was that all the properties that s 

deploys are like that 

Ronald Giere’s clear and engaging book 

Sciemtfic Perspectivism developsa version of 

constructivism. Like Kant, Giere (an emeritus 

professor of philosophy at the University of 

Minnesota) explains his position with colors. 

He points out that they cannot easily be identi- 

fied with objective properties such as surface 

spectral reflectances because of the existence 


nce 
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of metamers. Different reflectances may cor- 
respond to the same color. Color must rather 
be seen as the product of an interaction 
between surface and perceiver, and this makes 
colors irreducibly perspectival. Like Kant 
Giere wants to extend his picture 
of colors to all of science, Se 


entific descriptions capture only 
selected aspects of reality, and 
those aspects are not bits of 
the world seen as they are in 
themselves, but bits of the world 
seen from a distinctive human 
perspective. 

In addition to the color exam- 
ple, Giere articulates his perspectivism by 


ntifie models. Maps 
represent the world, but the representations 
they provide are conventional, affected by 
interest. and never fully accurate or complete 


Similarly, scientific models are idealized 
structures that represent the world from par= 
ticular and limited points of view. According 
to Giere, what goes for colors, maps, and 
is perspectival 


models goes generally: scie 
through and through. 

Constructivists deny the 
where.” Science ean only describe the world 
from a human perspective. Objectivists claim 
that, on the contrary, there is such a view: You 
can’t think without thinking, but it does not 
follow that what you are thinking about 
baryons, say—must somehow include the 
thinker. Objectivists hold on to the idea 
that the world has its own structure, whi 
science reveals. 

Giere’s book makes a serious case for con- 
structivism, but those with strong objectivist 
inclinations will not be moved. For one thing, 
in spite of his best efforts and the excellent 
philosophical company he keeps, the 
constructivist position remains somewhat 
obscure. The notion of a physical world that 
emenges from the interaction of the objective 
and the subjective is difficult to grasp, even if 
philosopher. And although Giere’s 
arguments for constructivism are serious 
and provocative. they have uncertain force. 
Scientific descriptions surely are incomplete 
and affected by interest, but these are features 
the objectivist can take on board. Com- 
pleteness and objectivity are orthogonal. 
Maybe in the end constructivism is true, or as 
true asa constructivist can consistently allow. 
Nevertheless, the thought that the world has 
determinate objective structures is almost 
irresistible, and Giere has not ruled out the 
optimistic view that science is telling us some 
thing about them. 


‘view from no- 
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SOCIAL SCIENCE 


The Child as 


Scientific Object 
Emily 0. Cahan 


or anyone wishing to understand the 

Fe: in which the child sciences 
:merged from a matrix of science and 

social relevance, Alice Boardman Smuts’s 

Science in the Service of Children, 1893-1935 

isan excellent place to begin. 

The academic and protes- 

sional fields we know today 

as developmental psychology. 

child-centered pedagogy. child 

psychiatry, and policy studies 

related to children were among 

those born in this formative 

period, In weaving a tapestry 

of scientific, social, institue 

tional, and professional histories, Smuts 

provides the first comprehensive narrative of 


the child sciences in the initial third of the 
previous century. 
Written in an engaging style, the book 


(based on the author's 1995 dissertation at the 
University of Michigan) richly details the 
movements that enabled scientific child study 
to gain a foothold in American science and 
society, Drawing on archives from around the 
nation as well as interviews with as ma 
early voices as was possible, Smuts deseril 
the roles of female social reformers, phian- 
thropists, and “progressive” scientists who 
established new institutions and new ways of 
looking at children, The book celebrates the 
\work of scientists, practitioners, and a tanely 
female cadre of social reformers, all of whom 
helped to define what Swedish social com- 
mentator Ellen Key deseribed in 1909 (J) as 
‘the century of the child.” 

Claiming that the “revolution in child 

study is a neglected chapter in American his- 

tory.” Smuts unravels the history of three dis- 
§ tinct but related approaches: child guidance. 
sociological studies, and research in child 
development. She views the three approaches 
not as isolated efforts but as parts of a broad 
movement that shared a common goal: “the 
discovery of new knowledgeabout children in 
‘order to better serve both children and the 
nation.” It was thought that the science of 
child development would, in the traditions of 
the Enlightenment and the spirit of the 
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Progressive Ena, be used as an instrument of 
individual and social reform. Scientific child 
study would occupy a strategic place in the 
design of practices, programs, and policies for 
the positivistic frame- 
work of the times, people assumed that 
research in child development was free of the 
“taint” of values, Smuts’s book celebrates the 
triumph of science over sentiment and caprice 
but leaves critical discussions of the limita- 
tions of such science to others. 

In the last quarter of the 19th century—on 
the heels of the Darwinian revolution and in 
the midst of massive social 
changes (including but not lim- 
ited to industrialization, urban- 

ization, and immigration) 
people in the United States and 
abroad began to look at and see 
children differently. Children 
were moving out from the 
hhome into the public worlds of 
urban streets and schoolrooms, 
and there was trouble. Children labored in 
the streets, some peddled newspapers, and 
some committed mild to moderate 
crimes, Charity workers observed 
easing numbers of homeless 
orphans and children working 
12-hour days in sweatshops. Reci- 
tation dominated educational in- 
struction, children were cooped 
up in urban schoolrooms with no 
Ventilation, and there was no pub- 
lic space in which kids could play. 
Social reformers and journalists 
(such as the photographer Jacob 
Riis) drew the public’ attention to 
the conditions in which children 


unsafe, 
ments, People with common sense 

and humanitarian ideals indicted these condi- 
led for reform. 

In the I880s and 1890s, there was little 
secular wisdom to guide people toward sound 
judgments about designing programs, pra 
tices, and policies for children, Reformers 
sought answers to countless relevant ques- 
tions: How many hours could a child work 


taking work or formal schooling? What 
should the average child know about the 
world? How do children relate to one another 
in social groups? How many words does an 
average four-year-old know? What is the 
value of children’s play? What should we 
teach young children? Efforts to understand 
children’s lives and mentalities existed well 
before this time, but they were scattered and 
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heterogeneous, with few of the trappings of 
conventional science—litle sense of shared 
purpose or methods, and litte shared theoreti- 
cal framework outside of evolutionary theory 
Smuts describes how the child sciences and 
professions took form as graduate and profes- 
sional schools proliferated. Most important, 
unlike their cousin experimental psychology, 
child study and developmental psychology 
did not spring forth from either philosophy or 
science. Rather, they emerged out of a matrix 
of sciemtific, social, and humanitarian ideals. 
The child sciences whose origins Smuts 
recounts have been a positive force in modern 
societies by helping us to design environments 
appropriate for children, Developmental psy~ 
chology. for example, has contributed to chile 
dren's television, preschool programs, and 
instructional strategies for science and math 
‘education; ithas helped us create and evaluate 
important policies such as Head Start. These 
designs inevitably lead to questions of value, 
‘questions—such as what constitutes “good” 
development—that the empirical norms of 
experimental science cannot on their own 


answer. This slippage from science to valuesis 
not a sign of an immature science, nor is it 
the removable error of inadequate methods, 
Rather, itis inherent in the very subject of 
children their development and welfare. Ifwe 
don’t question the limitations of the child sei- 


ences or make our values explicit, then we run 


the risk of relying on the false claims of scien- 
tism and the hubris of using current fin 
to define our values. By bringing together an 
‘enormous amount of information from scat- 
tered sources, Smuts’ history offers an excel- 
lent foundation for further work inthe history 
of scientific study of the child, 
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Study subjects. Children at the University of Minnesota's Nursery 
School Laboratory (established in 1925). 
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Reestablishing the 
Researcher-Patient Compact 


Isaac S, Kohan 
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study subjects, the research community 
has, albeit with good intentions, broken 
the historical doctor-patient compact, distort- 
ing an ideal of information exchange that 
might inform subjects of health risks or 
benefits (/, 2). To minimize privacy risks in 
genomic research, investigators and institu- 
tional review boards (IRBs) construe that fed- 
enil regulations require anonymized data. 
This disallows communicating pertinent 
results back to subjects. Such results could 
help the subjects and would justify the benef 
icence of that research (3), When large 
‘cohorts are enrolled for genomic and clinical 
‘characterization (4-6), both sides agree not to 
reconnect findings from the 
or to infer meaning or insi 
patient, or to make that knowledge avai 
to the patient, The scientific motivation 
behind this mutual commitment never to 


I the name of privacy and protection of 


‘communicate or identify has origins in the 
evolution of modern study design (7). It has 
coincided with the growth of grass-roots pri- 
vaey concerns, the enactment of Health 
Insurance Portability and Accountability Act 
(HIPAA) (\), the Office of Human Research 
Protection (OHRP) procedures, and state 
laws to protect genetic information misuse 
(9-13), Yet this intentional failure of commu- 
nication may be detrimental. 

Consider the scenario: In $000 patients 
\with diabetes mellitus, one subject hasan inci- 
dental finding of the expression of a fusion 
zene indicative of early malignancy, Genome- 
\wide polymorphism studies reveal a variant in 
40 others that predicts benefit from a recently 
approved medication, To follow up, the IRB 
must jon reidentification or 


essary alarm- 
ing some (/4), This scenario will be 
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more common as more genetic signatures are 
linked with pertinent phenotypes. Further, this 
highlights only one of several opportunities 
(15) missed because of an understandable but 
overreaching paternalism. 

The advent of yenome-scale measu 
ments and health information technologies 
allows us to reconnect patient subjects and 
researchers ina manner respectful of regula- 
tions and privacy concerns and to maximize 
potential benefit tothe public and the individ- 
ual in the course of research. A solution must 
anonymize information while making discov- 
ries available to participants who “tw 
Although seemingly paradoxical, it is compa- 
rable 1 UHF/VHF television. To “partic 
pate,” an individual buys a television and pri- 
vately decides when and what he watches, In 
logy, a subject's “program 
ming” isa product of her own information and 
th rated study results. Her reception of 
research results depends on whether she 

‘tunes in” to the broadcast. 

We propose a collabo 
search regime, the Informed Cohort (see 
figure, page 837). IC subjects are enrolled at 
their health-care institution through an exten- 
sive informed consent process. Ifthey choose, 
subjects provide additional clinical informa- 
tion and biospecimens, typically a blood sam- 
ple, for high-throughput measurements. In 
addition to the usual concems regarding com- 
prehension, transparency, and coercion, the 
consent process must mirror the dynamic 
quality of the subjects” changing involvement 
‘over time—contributing more information or 
withdrawing at will. Although IRBs may 
absorb the additional responsibility, we pro- 
pose 
independent IC Oversi 
responsible for communicating study infor- 
mation back to patients. The ICOB multidise 
plinary team (geneticists, statisticians, ethi- 
cists, patients, and communi 
deals with complex issues 
is worthy of communication and how best to 
‘communicate it for example. 

At enrollment, subjects are given a Web- 
based. interoperable personally controlled 
health record (PCHR) (/6-18). In our model 
of PCHR design, (/6) individual records are 


Well-intentioned regulations protecting privacy 
are denying important information to patient 
subjects. Advances in information technology 
mean that a better approach to clinical 
research is possible. 


‘encrypted, preventing compelled third-party 
disclosures (J 9), for example, by subpoena, 
‘Only the patient can decide to whom person- 
ally identified information will be disclosed 
and under what circumstances (20-22), 
Thus, each patient owns an integrated copy 
ofhisorher traditional record data plus high 
throughput genome-seale_ measurements 
made on his or her own biomaterials, For 
example, she may consent to share a part of 
her PCHR data, which is then anonymized 
and entered into a population database, Her 
data can be studied in an IRB- and HIPAA- 
compliant manner across topics including 
population genomics, public health, medica 
tion effects, and quality of eare, Data ean be 
ed with appropriate parties including 
biomedical researchers and public health 
es. Under no circumstances would 
there be an attempt to contact or to discover 
the identity of the patient, Anonymized data- 
gathering ean be a dynamic process for lon- 
xitudinal studies of individuals (23), 

The IC design allows patients to be con- 
tacted as necessary and as desired by each 
patient. As shown in the figure, each PCHR 
has an “agent.” the listener. The agent has a 
dedicated purpose: to intercept broadcasts over 
the Internet from the health-care system with 
information regarding patients with particular 
ccharacteristies and to determine whether the 
described characteristics match the patient 
the agent serves. For example, does the DNA 
polymorphism or diagnostic category match 
the content of the patient's record? These 
broadcasts are not targeted to any specific 
patient. and only under twoconditions does the 
agent notify the patient of the broadcasts: if the 
patient has allowed this agent listener function 
tobe turned on atall it ean be tured off at any 
time). 


clinical or genomic domain that is available to 
her as.an electronic checklist. 

Researchers at any given time may make a 
discovery pertaining to a class of patients 
with a particular characteristic or set of 
‘genomic markers and may want to alert those 
Patients about clinical implications. request 
more information, obtain more genomic 
al, or perform other measurements 


mater 
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PersonaUtamiy, 
history, consent 


Genomic data 


However, researchers do not know who the 
patient is and so broadcast to the system of 
the IC—conditional on the ICOB editorial 
process and approval—a description of the 
kind of patients that they are secking to con- 
tact, The agent's “decisions” are the product 
of the subject's stated categorical preferences 
for information and the ICOB’s study- 
specific determination about what informa 
tion can be effectively communicated in a 
manner sensitive to subjects’ health literacy 
AILIC agents that are turned on will intercept 
all such broadcasts and determine whether 
the characteristics, ofthe patient, genomic or 
clinical, match the characteristics of the 
patients described in the broadcast. The agent 
listens for information pertaining, for exam- 
ple, to a particular single-nucleotide poly- 
morphism (SNP) and scans the PCHR for the 
presence of that SNP. The notification 
‘appears to the patient much asan e-mail does. 

Because the IC protects privacy through 
anonymization, but permits direct benefit to 
participating subjects, it is ethically superior 
tothe status quo. Itenables patients as partners 

research rather than passive, disenfran- 
chised purveyors of biomaterials and data, 
Further, this procedure is feasible using 
today’s technology and does not breach cur- 
rent regulations. In addition, because itis built 
around PCHRs interacting with a national 
electronic health network, it could have 
‘markedly amplified research potential, offer- 
ing dramatically greater accessibility for 
properly authorized researchers across multi- 
ple health-care institutions, 

Several questions remain unanswered and 
require careful analysis in ways that might vary 
‘by population and geography. How can the IC 
‘work for individuals with poor health literacy? 
What about individuals without effective and 


wwwsciencemag.org_ 


POLICYFORUM i 


Heath are data 


Private access to networked computers? Whit 4 Maou sist Heath, eur 
penta eae: SRT Me formation (RFD: roped Poy fer Sharing of ata 

is the level of certainty or the expected benefit maileiineprid wcenanat caenews 

to the patient that she action tes (GHAS)” (NO-OD 06-096, HK, 

what should be broa ‘Bethesda, MD, 2006); http://grants.nih. gowgrants/guide/ 

: seshiaticeteaecte eae ‘oie fieNOT-00-060%4 hm 
‘Some of these questions cannot beanswered in. ,Re Jac mol eet bora 7 Jone 2006, p81. 
the abstract and will require detailed review by @ C1. Mall Son rondo Chronic, 15 February 207, 
experts in each instance, 9.8 

IC ix more than a thought experie 7 HM Mans, he Progtes of Experiment Sence ond 
If the 1C is more than a thought experi Therapeutic Reform in the United Stotes, 1900-1990 
‘ment, what will ittake to realize this proposal {Cambridge Mstory of Medicine, Cambridge Univ, Press, 
and what are the anticipated resources re- ‘Mew York, vol. 11, 1997), 258 pp. 

tired? Many of the technics lec have & Pabst 200191 (1996) 
quired? Many of the technical hurdles hay Ea ee Kiasarieawat 
been overcome. Commodity-price ome- ‘dar nn eesearch won of vnced dats mus" 
wide common Variant assays are available epanment Heth and Hamua Services Wshagon 
now, Early versions of personal health re= 6. 1977;.wme.gvetphumantecuaned 
cords, once a futuristic concept (24). ate in 40, Fa Roche G. |. Annas, A Eg) ld, 355,545 
the hands of thousands of patients through (2006) 

‘verse. implementations at the Veterans 12+ Avan forthe Xcretaton of Human Reseach 
sree aa aeienions ot is Nererans Protection Programs, “creation Standard) 6.4 
Administration (25), hospitals (26). and ‘bad ALB" Unrocition for the Accreation of Homan 
managed-care onganizations. More invest- Reser Prtction Programs, 2008; 
ment will be required in health-care settings wmaabrpporpimmmaspatPagelD=27, 

wieia tithe A ofhativa cect Bas 12; Maton aman Grane Reso Pe “Genetic 
and staffing for effective and safe support of Discrimination: Legislation on Genetic Oscrimination 
study participants. Moreover. this investment (Ni, 2006; wn gename.9o/1000207 
's within the range of leading academic 13+ National Conerence of Ste tgiatues 
ra poe ina of a ne ‘ = 4 (NCSL, “Genetics tables: State genetic privacy Lams” 
medical centers where this model can be (yes mn OC 20005 
debugged and made more efficient and wmnckergprogramsealtvoeneti/pt im. 

fordable for wide ‘on, Indeed, the 14 'S:Yahane et of, AMA 296,212 (2006), 
affordable for wider adoption. Indeed, the 3. 15 tanane A.B Atma, A Engl |. Med 393, 2074 
leadership at Children’s Hospital Boston has (eg 
committed itself to piloting the IC in several 16. W.W. Sinan, KO, Mand. Kahane, JA Med 
clinics. Undoubtedly, there will be unantici- 2. nee eae es 1.4 ovethage, 0.2. 

wd technical, lee ciological chal- tng tes, JM Ovehage,| 
pated technical, legal, and sociological chal- Sanda Ack ed, fom, Ane. 33,121 G08, 
lenges, and we anticipate a vigorous debate 18. G.DeBoret ai. Health. Inf. Manag. 20, 63 (2006). 
within the biomedical comenunty. 19, MLA. Rothstein, MLK. Talbot A298, 2882 (2008) 
20. 0.¥. Gasaion etal, A. Pre Med, 16, 1 1999 
21. 5, miler eo Heath Commun, 20 upp}, 119 
References and Notes Gon. ee i 
1 PA Schulte K. Ringer Am J Pubic Heth 74,485 22. Aa, LS. Khane BMC Gerais 7, 93 (2008), 
(A984). 23. C Quai eo ft) ed. norm 49, 117 (1998). 
21. tat JC Epidemiol 44 pp, 955(19912. 24. Guardian ge: Personal Liang Ate Medical 
4 Natal Commision the tection ol Hon Assia, mg. 
Subject of Biomedical and Bchavioral Reseach, The 25, |. 8. Peimet a, rt] Manog. Core 10, 828 (2008) 
Belmont Report: tice Principles ond Gaideines forthe 26. S.M. Wing 0. Rind Z Tots, .2 Sands, An 
Protectonof aman Subjects of Recrch (Deparment ed inform. sso. 13, 93 (2006). 
of Heth ucaon and Welle Washington, DC, 
1979. ro.2126ence.135489 
SCIENCE VOL316 11MAY2007 837 


838 


OCEAN SCIENCE 


Biomixing of the Oceans? 


André W. Visser 


very now and then, an idea comes 
Bi Thats ao orpeatng scone 
‘bad manners to challenge it. Bio- 
mixing —the action of swimming o 
ing the world’s oceans—is 
s gained recent purchase. IF 
correct, biomixing has far-reaching conse- 
quences for our understanding of the oceans, 
But can swimming organisms actually achi- 
eve significant mixing’? Central to this ques- 
tion is their mixing efficiency 
Biomixing is certainly an engaging 
notion, For instance, at the global scale, it 
stiggests that billions of small organisms 
paddling away in the deep oceans stir cold 
deep water upward, thus contributing to 
ulobal circulation (/) and climate. At more 
local scales. it suggests that schools of keill 
and other marine animals (2) plough the 
thermocline, mixing nutrient-rich water 
upward and thereby fertilizing their own 
feeding grounds. Swimming organisms do 
seem to dissipate substantial amounts of 
me ie even observa 
tions showing considerably elevated dissipa~ 
tion rates in the wake of a migrating school 
of krill (3), The case for biomixing thus 
seems to be compelling 
However, in these studies, the dissipation 
of mechanical energy is equated with mix- 
g. Yet, most of the biomixing is purport- 
edly achieved by small but numerous 200- 
plankton with diameters of Lem or less, Can 
mechan 


at these small scales 
achieve any substantial mixing (that is, 
increase the potential energy of the water 
column) before itis dissipated as heat? 
Turbulence in the oceans is generated by 
a variety of mechanisms, including tides, 
winds, and swimming animals. It cascades 
energy from large seales to ever smaller 
scales, where it is eventually dissipated. 
Turbulence is effective in mixing because it 
is active over a range of scales: stretching 
and folding of the fluid at large scales facil 
tates molecular diffasion at smaller scales, 
The efficiency of turbulence in mixin; 
stratified water column is expressed by T 
the ratio of the change in potential energy to 


eal ener, 
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The efficiency of mixing. (Top) The turbulent 
kinetic energy generated by a swimming animal dis- 
sipates ether as heat or in increasing the potential 
energy ofa stratified water column. (Bottom) The 
‘mixing elficiency T (hati, the proportion of kinetic 
‘energy that goes into potential-energy increase) is a 
function ofthe integral length scale £ and the buoy- 
ancy length scale B. Fora swimming animal, Lis the 
size of the animal itselt. Small animals tend to be 
‘much less efficent at mixing than larger animals, 
‘depending on the ratio /B. For animals ofa given 
size (that is, U, mixing eficiency decreases as dissi- 
pation rate increases, either because individual ani 
‘mals swim faster or because they aggregate in 
denser assemblages. 


the work done. Mixing efficiency is con- 
trolled by three parameters: the integral fre- 
quency L (the scale at which turbulent 
kinetic energy is imparted to the flow), the 
rate of turbulent energy dissipation € (equi 
lentto the rate of work done), and the buo 
ancy length scale N (a measure of the strati- 
fication of the water column). The latter two 
ameters can be conveniently combined as 
buoyancy length scale B = (e/N3)!2 
and obser- 
vations (6. 7) indicate that when L > B. the 
mixing efficiency isat its maximum. However, 
when L < B, the mixing efficiency can be 
orders of magnitude less (see the figure). 
The net dissipation rate due to an assem- 
blage of swimming organisms depends on 
the power expended per individual and the 
number of individuals per unit volume (2), 
Thus, the dissipation rate & of a school of 


Although the idea that small swimming 
organisms could change the ocean’s circulation 
has attracted attention, their movements do 
not cause enough mixing, 


krill—assuming a body length of 1 to 1.5 
em, a swimming speed of 5 t 10cm +, and 
a number density of 5000 individuals m- 

is equal t0 10-5 to 10-4 W kg, consistent 
with observations (3), How much mixing 
do 


this represent? 
An organism of a given body size A can- 
not inject energy into a flow at length scales 
larger than itself; Thus Z = A, consistent with 
observations for grid-generated turbulence 
(8). The buoyaney frequency for the surface 
ocean is typically 107 sor less, so that the 
buoyancy length scale associated with the 
above measurements is 3 10 10 m, and the 
corresponding mixing effivieney T= 10-4110 
10. Hence, only 1% at most of the mechan- 
ical energy dissipated by the swimming 
school of krill and other marine animals 
actually goes into mixing, The dissipation 
ured in the wake ofa dense assem- 
¢ of swimming organisms may inde 
ably higher than that assoc 
je turbulence, but it does not 
necessarily follow that the corresponding 
mixing isalso proportionally higher. 

The case for biomixing as an important 
component of the meridional overturning 
circulation is fraught with the same problem, 
Considering tides and winds alone, there is 
aan apparent shortfall of ~1 TW in the energy 
budget driving this circulation (9, 10), The 
‘oceanic biosphere captures solar energy at 
rate of ~63 TW (J. 17), only a small per- 
centage of this captured solar energy makes 
its way into mee energy of swim- 


ming, the energy budget can apparently be 


closed. One terawatt corresponds to an av 
€ dissipation rate of 10°? W kg"! in the 
deep oceans, where the buoyancy frequency 
istypically 10° sor less (/2), Thus. a mean 
buoyancy length seale for the deep ocea 
1 mor greater, However, most of the bic 
of the oceans is concentrated in small organ- 
isms such as copepods (A= I mm), The effi- 
ciency of these organisms in mixing is only 
107% Iris only when one comes to larger, but 
much less abundant, organisms, such as fish 
and marine mammals, that the mixing 
ciency approaches its maximum. 
Dissipation is the end product of turbu- 
lence. Itis also the most readily measured tur- 
bulence parameter in the ocean, However, 
important aspects of turbulence—such as 
mixing—also depend on the larger scales of 
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14). By whatever 
means one approaches the calculation of bio- 
mixing of the oceans, one will always be © 
Fronted by the fact that th 
of small ot 


turbulent motion (/3. 


efficiency 


anisms is extremely low. Most of 
the mechanical energy they impart to the 
s is dissipated almost immediately as 
There may be a ease to be made for bio 
mixing by larger animals on a local scale, but 
their relatively low abundance means tha 
they are unlikely to be important contributors 
to global circulation. 
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A Local Wiggle in the Turbulent 
Interstellar Magnetic Field 


J.B, Jokipi 


ecent observations, both remotely and. 
in situ with the Voyager space probes, 
are clearing away some of the mystery 


about the interstellar magnetic field that lies 
just outside the solar system. On page 875 of 
this issue, Opher ef a. (/) report a new anal 
sis showing that previous measurements of 
the field (2, 3), initially indicating quite dif- 
ferent fields, a with each 
other [also suggested by Gurnett et al. (4)} 
Also, it now seems clear that the very local 


in fact consist 


interstellar magnetic field points in a quite 
different direction from that obtained from 
numerous previous ground-based measure- 
1¢ dis- 
tances. This discrepancy can now be under- 
atural consequence of fluid turbu- 
stellar medium, in which the 
Id direction changes dramati- 


ments, which were averages over la 


magnetic 


lly over shorter scales tha 
sured previously. The ins 
researchers better understand the interstel 
medium and the nature ofits interaction with 
the plasma environment around the Sun. 

A stream of ionized particles—the solar 
\Wind—is continuously emitted by the Sui 
and has carved outa bubble in the interstellar 
plasma, called the h 
outward from the Sun 
nomical units (AU) (1 AU is the distance from 


could be m 


ts gained will help 
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Conflicting measurements of the magnetic field 
‘outside the solar system now make sense. 


Local disturbance. Schematic illustration of the braided and intertwined turbulent interstellar magnetic 
field, The average magnetic field ts parallel to the plane of the galactic disk, and the filed blue circle repre 
sents the heliosphere, where the local magnetic field has a pronounced deviation from the average. 


the Sun to Earth) in all directions. The ionized 
regions of the interstellar gas and its magnetic 
field are largely excluded from this bubble. 
This local interstellar magnetic field, im- 
mediately outside of the heliosphe n 
important factor in determining the 
tion of the interstellar medium with the 
heliosphere. The 
among other thin 
sphere on the 
tant part of Earth's environment in space. 
Until recently, observations of the inter- 
stellar plasma and magnetic 
restricted to effects averaged over long lines 
of sight to distant objects, corresponding to 
spatial scales of tens of parsecs (I parsec. or 
pe.is 3 x 10" cm, or 200,000 AU). more than 
a thousand times the scale of the heliosphere 
These observations yielded accurate infor- 


imeraction determines, 
the effects of the helio- 


lactic cosmic rays, an impor- 


field were 
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mation about the interstellar plasma and the 
magnitude and direction of the magnetic 
field, but the spatial resolution was limited 
by the avers 
ormore (5), 


ing to scales of several parsecs 


From these measurements, the magnetic 
field was found to be approximately in the 
galactic plane, along a spiral arm, However, 
there is a complication: The interstellar med- 
ium is turbulent, with pronounced fluctua 
tions of fluid parameters such as density, with 
a coherence scale (typical scale of the largest 
fluctuations in the turbulence) on the order of 
1 to 10 pe (6, 7). Because the interstellar 
plasma isa hydromagnetic Muid, there is no 
electric field in the frame of the fluid and the 
magnetic field is dragged with the plasma 
As a result, plasma flows and m 


matior 
netic field should vary on similar scales. 
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Therefore, it is reasonable to expect that the 
very local interstellar magnetic field differs 
considerably from the averages over sev- 
eral parsecs, as is now confirmed by Opher 
eral, (1) 

Observational evidence for this difference 
in magnetic-field directions, obtained from 
the observed deflection of interstellar hydro- 
en, was reported by Lallement et al. (2), 
‘which allowed them to infer the plane of the 
lar magnetic field, These results were 
istent with the earlier results of Kurth 
et al, (3) obtained with Voyager radio wave 
data, which suggested a direction of the local 
‘magnetic field nearly parallel to the galactic 
plane, Subsequently, Gumett et al. (4) pointed 
‘out that the Voyager data were also consistent 
with the Lallement er al. result. The analysis 
of Opher et al, establishes that the local 
‘magnetic field is at a lange angle to the large- 
scale average field, finally reconciling the 
various observations. 

The source of the confusion is turbulence, 
and its existence in the ambient interstellar 
‘medium has been known for decades (6-10). 
‘Turbulence is a phenomenon whereby large- 
seale fluid flow breaks down into random 
fluctuations and eddies and does not flow 
smoothly, Turbulence in Earth’s atmosphere 
can ofien be seen mixing the smoke down- 
wind from a smokestack or fire. 

Turbulent fluid flow is. fundamentally 
irregular and random, and can be described 
only in terms of its statistical properties, such 
as mean fluctuation scale and square of the 
fluctuation velocity. In the interstellar plasma, 
itis found that the mean square of the change 
of turbulent density and magnetic field be- 
‘Ween two points varies as the * power of 
the separation distance, from small s 
of thousands of kilometers to the cohe 
scale of several parsees. A similar scaling of 
the turbulent flow velocity is seen in other nat- 
ually occurring turbulent flows such as in 
Earth's oceans and atmosphere. planetary 
atmospheres, and in the solar wind. One may 
conclude that the observed substantial differ- 
ence between the large-scale average mag- 
netic field and the locally observed field isan 

rence of interstellar turbu- 
lence. The figure illustrates, schematically, the 
inferred turbulent magnetic field. 

The analysis by Opher ef al. has also 
improved our understanding of the effects of 
the interstellar magnetic field on the inter- 
action of the interstellar medium with the 
heliosphere.A decade ago, simulations (11, 12) 
showed that the local magnetic-field direction 
‘may be important in determining the shape of 
the heliosphere. Ifthe local interstellar m: 
netic field is canted at an angle to the inter- 
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stellar plasma flow direction onto the helios- 
phere. the magnetic field can push the helios- 
phere to one side and induce a global lateral 
asymmetry. Opher et al. use simulations, 
combined with comparison with Voyager | 
and 2 energetic-particle observations, to fiur- 
ther constrain the direction and magnitude of 
the interstellar magnetic field and the conse- 
quent lateral asymmetry of the heliosphere. 
Voyager I. having crossed the solar-wind 
termination shock in December 2004, isnow 
exploring the heliosheath (that region of sub- 
sonic outward flow between the termination 
shock and the interstellar plasma). Voyager 2, 
yet to cross the termination shock, is follow 
ing Voyager 1, but moving in adifferent direc- 
tion and currently some 20 AU closer to the 
‘Sun. Continued measurements from Solar 
and Heliospheric Observatory (SOHO) and 
the launch of the Interstellar Boundary Ex- 
plorer (IBEX) next year will provide im- 
proved remote observations of the inter- 
action of the interstellar medium with the 
heliosphere. These in situ and remote meas- 


urements should continue the remarkable 
recent expansion of our knowledge of the 
very local interstellar medium, the solar sys- 
tem’s home in space, and its interaction with 
the heliosphere, 
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IMMUNOLOGY 


Keeping a Tight Leash on Notch 


Ivan Maillard and Warren S. Pear 


A signaling pathway in bone marrow progenitor cells leads to T cell development unless a cellular 
factor intervenes and turns them toward a B cell fate. 


Ithough multiple hematopoietic 
At sentir cals in the booe nar- 

ow have the potential to develop 
into T cells, they only do so after progeni- 
tors leave the bone marrow and reach the 
thymus. By contrast, B cells are produced 
primarily in the bone marrow. The key 
molecular determinant of the B versus T 
cell fate decision is signaling by the mem- 
brane protein Notch. Simply put, Notch 
signaling in progenitors drives T cell 
development at the expense of B cell 
development (/-3). On page 860 of this 
issue, Maeda et al. (4) identify a factor that 
is required to block Notch signaling in 
bone marrow progenitor cells, allowing 
their development into B cells. The factor 
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is encoded by LRF (leukemia/lymphom 
related factor, previously known as Pok 
mon), a gene whose dysregulated expre 
sion can lead to cancer (causing it to be 
designated an oncogene). This newly iden- 
tified role for LRF indicates that Notch 
signaling is actively repressed in certain 
physiological conditions, 

The thymus expresses an abundance of 
ligands that activate Notch, in particular 
the Delta-like family member Dil-4 (5, 6). 
This environment is thus conducive to 
high-intensity signaling by Notch in pro- 
genitor cells that arrive from the bone ma 
row (7). The B cell fate of progenitors in the 
bone marrow has been attributed to the 
absence of such high-intensity Notch sig- 
nals, although it has not been clear whether 
limited ligand availability or other factors 
might explain the low levels of Notch sig- 
naling in these cells. The findings of 
Maeda et al. identify LRF as an important 
new member in the list of molecules that 
can inhibit Notch and show that Notel 
nals are actively repressed in bone marrow 
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hematopoietic progenitors. 

LRF belongs to the POK (POZ/BTB and 
Kriippel) family, a group of proteins that 
includes PLZF (promyelocytic leukemia 
zine finger), BCL6 (B cell lymphoma 6), 
and Th-POK. All function in hemato- 
lymphoid development, and several play a 
role in oncogenic transformation (8-11). 
POK proteins contain an amino-terminal 
POZ/BTB domain that mediates homo- 
dimerization and interaction with other pro- 
teins, anda carboxyl-terminal Krlippel-type 


‘Abundance of Notch ligands overrule URF block 


‘Strong Notch signal 


yed oF 
tate 


‘Notch 


Hematopoietic stem cell oF 
‘common lymphoid progenitor cell 


tic progenitors had increased expression of 
multiple Notch-regulated genes (including 
Hes!, Deltex!, Notch3, and pTCRa), sug- 
gesting that Notch signaling had been acti- 
vated. These findings indicate that LRF 
blocks (or at least substantially reduces) 
ling in bone marrow hematopoi- 
etic progenitors, even if they are exposed to 
Notch ligands in their immediate environ- 
ment (see the figure), Whether any residual 
y ing is linked to a physio- 
logical function of Notch in controlling 
hematopoietic stem cell self 
renewal and differentiation 
remains controversial. 

An interesting possibility is 
that Notch ligands expressed in 
the bone and bone marrow 
may fulfill important nonhems- 
topoietic functions, such as in 
bone or vascular homeostasis. 
In this scenario, physical con 
tacts between Notch ligands 
and hematopoietic progenitors 


Inthe absence of LRF-inhibitory activity, progenitor cells develop into T cells in the thymus 


domain that binds » DNA, 
eda and colleagues previously identi- 
fied a central role for LRF in oncogenic 
transformation, in which it cooperates with 
several proto-oncogenes and decreases ex- 
pression of the tumor suppressor protein p19 
(ARF) (8), In the current work, they studied 
the physiological function of LRF in 
hematopoiesis. Mice lacking LRF in the 
hone marrow had a profound block in early 
B cell development that could not be over- 
‘come by ectopic expression of potent B line- 
age-specific transcription factors, such 
as EBF (early B cell factor). Concurrently, 
LRF-deficient progenitors gave rise to 
T cells in the bone marrow through a thy- 
¥ mus-independent T cell developmental 
§ pathway: Because this phenotype mimics 
& the effect of constitutive Notch signaling 
2 (2), the authors investigated the effects of 
& LRF loss on Notch signaling. They found 
& that LRP-deficient multipotent hematopoi- 


vine 
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in the bone marrow cavity would naturally 
‘occur. and LRF may ensure that hematopoi- 
etic stem cellsand their progeny inthe bone 
marrow maintain the potential to develop 
into multiple lineages in an environment 
that may continually support high-intensity 
Notch signaling. 

How, then, does Notch signaling occur 
in LRF-expressing lymphoid progenitors in 
the thymus? Potentially, high concentra- 
tions of Notch ligands in the thymus over- 
come LRF-mediated Notch inhibition. Al- 
termatively, LRF activity may be repressed. 
This could be fleshed out by studying the 
regulation and function of LRF at early 
stages of T cell development, 

Although Maeda ef al. show that LRF 
blocks Notch signaling. where it acts in the 
Notch signaling pathway is not known. 
Notch signaling is initiated afier its interac- 
tion with a ligand. This leads to successive 
proteolytic cleavage steps including intra- 


SCIENCE VOL316 


Et ert 


‘Notch block, Notch signaling is reduced by the cellular factor LRF, thus allowing 8 cell development inthe bone marrow. 
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membrane proteolysis by a y-secretase com- 
plex. This event releases the intracellular 
domain of Notch into the cytoplasm and 
ultimately to the nucleus, where it activates 
‘transcription upon binding to the transerip- 
tion factor CSL (CBF 1/RBP-J/Suppressor 
of Hairless/Lay-1) and to the transcriptional 
‘coactivator Mastermind, 

There are multiple steps in this pathway 
that might be regulated by LR} 


by the expression of the glycosyltransferase 
Lunatic Fringe (/2). As a transcriptional 
repressor, LRF could decrease Lunatic 
Fringe expression by the progenitor e 
thus reducing their sensitivity to a low de 
sity of Delta-like ligands, Such decreased 
sensitivity could be important in the bone 
marrow but would be overcome in the thy- 
mus in the presence of a high concentration 
of Delta-like ligands. Alternatively. LRF 
could enhance the effects of intracellular 
Notch inhibitory proteins, such as Numb or 
Fbw7/Sell0, effectively reducing Notch 
signaling. In addition, proteins 
containing POZ/BTB domains 
ean interact with E3 ubiquitin 
ligase complexes to target pro- 
teins for degradation (/3). 
Because the Notch intracellular 
domain undergoes rapid turnover 
by proteasomal degradation, LRF 
could potentially participate in 
this process, thereby attenuating 
Notch signaling, 

The role of LRF as a Notch 
inhibitor is seemingly at odds 
with the description of LRF as a 
dominant oncogene in T cell 
lymphoblastic leukemia (8), given that most 
human and mouse T cell tumors contain 
activating mutations in Notch (14). There 
may be several explanations for this appar- 
cent paradox. First, not all T cell tumors have 
Notch mutations and/or are Notch depend- 
ent (14, 15): the presence of Notch muta- 
tions and Notch dependence have not been 
examined in LRF tumors. Second, activating 
mutations in Notch? may overcome LRF- 
mediated suppression. For example, mut 
tions in the Notch heterodimerization 
domain cause ligand-independent cleavage, 
which would render the effects of LRF on 
ligand sensitivity irrelevant. Alternative! 
carboxy-terminal Notch mutations increase 
nuclear Notch activity. which might override 
LRF'S effects on Notch degradation. 

The work by Maeda ef al. provides new 
insights for understanding the molecular 
mechanisms underlying early lymphoid 
cell development. Determining the precise 
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mechanism of LRF action may lead to new 
opportunities to inhibit Notch for thera- 
peutic purposes. Because LRF is broadly 


expressed, it will also be interestin 
determine whether this factor influences 
Notch signaling at other st 
lymphoid development, 
wut, brain, 


to 


s of hemato- 


nd in tissues such 
as the vasculature, and skin, 
where Notch function is eritieal. This ver- 
satility of Notch, and the ubiquity of its 
naling pathway components, require 


ight regulation to achieve specificity, 


LRF appears to keep Notch on just such a 
tight leash 
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GEOPHYSICS 


Slippery When Hot 


Raul Ma 


‘ost earthquakes in Earth's erust are 
caused by fast slip on preexisting 
faults. Slip on faults explains well 


the emission of seismic waves, but it does 
not address how friction between rocks 1s 
overcome, especially at the fast rates at 
which earthquakes slip. On page 878 of this 
issue, Han ef af, (/) address this question in 


laboratory experiment 
The 


speeds between two precut cylindrical bars 


uthors studied friction at hi 


of Carrara marble cut along a section per 
pendicular to the axis of the cylinder. They 
found that friction decreases as a result of 


pid, localized heating produced by high 
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slip rates. Calcite, the main constituent of 


marble, decom 
lime (CaO), forn 
der (called fault ) and producin 
stantial amount of CO}. The reduction in 
matic that when the slip rate 


oses into small particles of 


friction is so di 


increases beyond about 50 cm/s, the fault 


eflectively slips freely, Marble is not the typ- 


ical rock lining seismic faults, but neverthe- 


less the authors attribute the reduction in 
friction to low-strength minerals like tale 


The work provides n 
at hi 


'W insight into friction 


h speeds that may help to solve some 
long-standin 


puzzles in earthquake sci: 


ence, but it also 


raises questions regarding 


the scaling of stresses in sé 


smic ruptures. 
Early kinematic models of seismic slip 
on faults did not take into account the fric- 


tional properties of the fault, because seis- 


quake of 28 June 1992 in the 
slipped during the earthqual 
Rupture started from the southern end ( 
average speed of 2.5 kus. Att 
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Slip distribution during an earthquake. The image shows the slip distribution 15 s into the Landers earth 
Mojave Desert, southern California (8, 9). In the figure, the set of faults that 
‘are viewed from the west, with the stip distribution pasted on top of them. 
ht inthis figure) and propagated along several fault strands at an 
ime of the image, rupture is starting to propagate into the last segment, 


Laboratory experiments provide a possible 
explanation for why friction between rocks: 
does not impede the slippage that leads to 
earthquakes, 


nic radiation could be computed independ- 


ently of the 
the fault, These models were highly suecess~ 
ful and led to a broad understanding of 
earthquake kinematics. In the early 1970s, 
ized that friction had a 


jctual stresses that operated on 


seismologists re 
fundamental role in determinin 


the dynam= 
ics of earthquakes. Yet the actual properties 
of friction rema 


ned elusive, because exper 
iments on rock friction could only be done at 
speeds of less than 1 mm/s, whereas earth- 
quake slip occurs at rates closer to I m/s, 
The most basic information about rock 
who 
showed that static friction (the resistance to 
the initiation of slip on the fault) varied 
between 0.6 and 0.8 times the confining 
pressure (the pressure that holds the rocks 
the deep Earth) for almost all 


friction was found by Byerlee (2) 


together 


rock samples. These results led to the slip- 
weakening model, in which friction was 
assumed to decrease as slip on the fault 
increased. The key model parameter was the 
slip-weakening distance (the amount of slip 
required to reduce friction at high speeds). 
This phenomenological model avoided the 
difficult question of the origin of friction, 

Mechanical studies of rocks in the late 
1970s provided the first experimental evi- 
dence that steady-state friction indeed 
decreased logarithmically with slip rate. 
Friction also depends on several parameters 
representing the state of the slipping surface 
(3). In these experiments, designed to under- 
stand friction at low slip rates, the slip-weak- 
ening distance is very small, on the order of 
a fraction of I mm. 

In the past 15 years, seismologists were 
able to study in detail several major earth- 
‘quakes in the United States, Japan, Turkey, 
and Taiwan, The slip-weakening distances 
inferred for these events were several orders 
‘of magnitude longer than those observed in 
rate-and-state friction experiments. A sim- 
ple scaling argument explains the long slip 
s. Earthquakes are similar for a 
range of seales, at least from magni- 
tudes of about 4 to 8: the single sealing vari- 
able appears to be the length of the fault, 1f 
this is the case, then slip-weakening dis- 
tances must seale with earthquake size: oth- 
erwise, either large earthquakes would all 
propagate with rupture speeds higher than 
that of shear waves, or small events could 
never occur because of the high frictional 
resistance of the faults. Han er af. find that 
slip weakening occurs on scales on the 
order ofa met value that is very close to 
the slip-weakening distances observed in 
earthquakes of magnitude around 7. A num 
crical simulation of the Landers earthquake 
‘of 28 June 1992 in California (see the figure) 
required slip weakening distances of several 
tens of centimeters, similar to those ob- 
seryed by Han er af, 

The experiments by Han et af. show that 
friction is very sensitive to slip rate. Lange 
slip-rate weakening favors the creation of 
rupture pulses instead of long cracks. In 
pulses (4), slip occurs in a narrow zone that 
follows the rupture front; this is a very efft- 
cient way to propagate seismic slip while 
maintaining a high average stress on the 
fault. The results reported by Han er al. may 
also help to explain the “San Andreas Fault 
paradox”: There is no observed increase in 
heat flow near the fault, which means either 
that the fault is very weak during slip. pro- 
ducing very little heat, or that friction is high 
but heat is evacuated by fluid flow (5). 
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The experiments also raise several ques- 
tions, The most obvious is that they were 
done at a fixed slip rate, whereas earth- 
quakes are intrinsically transient phenom- 
ena, with slip rate increasing from zero to 
speeds on the order of 1 m/s when the rup- 
ture front arrives, finally decreasing to zero 
as the fault heals. Itremains unclear whether 
the friction law derived in this work applies 
to transient slip of short duration. 

By far the most important question con- 
cerns sealing. Han ef al. carried out their 
experiments at confining pressures of 7.3 
MPa, Will the same frietion law apply at the 
much higher confining pressures that pre- 
vail in seismogenic zones? Seismic data 
have shown that slip rates are proportional to 
stress drop (the difference between the static 
and dynamic friction). Stress drops in the 
experiments were on the order of 7 MPa 
at the confining pressure of 13 MPa. 
arth 
quakes occur, this implies stress drops at 
least an order of magnitude greater than 
those observed. Furthermore, the experi- 
ments were done on marble: the results may 
be different for the silicate rocks found at 
10. km depth. 
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Thermal weakening is not the only 
mechanism that may reduce friction at 
high slip rates; melting (6) is another 
example. Furthermore, direct application 
of the results reported by Han ef al, actual 
fault zones depends on the assumption that 
p is concentrated on a narrow band, 
Recent experiments on sand have shown 
(7) that slip bands tend to form outside the 
main slip zones as fault zones evolve 
toward large accumulated slip. We are only 
at the beginning stages of a fresh unde! 
standing of fast frictional processes 
earthquakes. 
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PLANETARY SCIENCE 


Titan's Organic Factory 


‘Sushil Atreya 


Researchers have identified molecules in the atmosphere of one of Saturn’s moons that are 


responsible for its smog-like haze. 


ince its discovery by Christiaan 
S= pesin 1633 Stu inp moon 

Titan has intrigued scientists, not the 
least because its surface is blanketed by 
thick haze. This haze plays an important role 
in warming Titan’s nitrogen atmosphere, 
preventing its condensation and subsequent 
removal. However, the most important 
aspect of Titan’s haze may be its composi- 
tion. It has long been suspected that the haze 
results from complex organic molecules, 
perhaps even prebiotic molecules (/). Now, 
close flybys of Titan by the Cassini space- 
craft reveal that such molecules may indeed 
be forming. On page 870 of this issue, Waite 
et al. (2) report wentification of benzene, 
along with both positively and negatively 
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charged onganic ions, Heavy molecules 
formed from these ions eventually produce 
Titan's upper haze layers and are expected t0 
contribute substantially to the total haze 
content of the atmosphere. 

Unlike the other moons in the solar sy 
tem, Titan has a massive atmosphere, con- 
sisting of 95% nitrogen and 5% methane. 
chemical processes are initiated by the 
k-up of these gas molecules by solar 
irged particle collisions 
(see the figure). Even though Titan receives 
only 1% of the solar ultraviolet flux that 
Earth does, and is bombarded by charged 
particles from Saturn's magnetosphere only 
some of the time. this energy is sufficient 
for photochemistry to proceed efficiently, 
Simple hydrocarbons—such as ethane, 
acetylene, and diacetylene—and nitriles, 
such as hydrogen cyanide (HCN) and 
cyanogen (C,N,) form readily. Somewhat 
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more complex molecules such as propane, 
butane, polyacetylenes, and cyanoacetylene 
follow from these simpler units (3). 
Researchers believed that the haze seen on 
Titan by Voyager | and Voyager 2 during 
1980-1981 was the result of condensation 
of many of these molecules and polymers of 
polyynes and HCN (3), somewhat similar 
to the formation of urban photochemical 
smog on Earth. 

That is where things stood until a tenta- 
tive detection of a few parts per billion of 


Haze formation. Ultraviolet radiation from the sun and charged particles from Saturn's magnetosphere i 


tion experiments of Titan (8), and models 
showed PAH polymers to be the langest con- 
tributors to Titan’s haze (9). 

The conventional photochemical process 
leading up to PAHs begins with the dissoci- 
ation of methane some 600 to 800 km above 
Titan's surface. However. measurements 
with the fon Neutral Mass Spectrometer 
(INMS) on Cassini (2) show that benzene 
‘must be forming in the thermosphere-iono- 
sphere region also, well above Titan's nor- 
mal photochemical regime. Moreover, the 


tiate photochemical reactions of nitrogen and methane in Titan's onosphere-thermosphere region (~1000 
km altitude) and these reactions can extend into the lower stratosphere (~200 km). The hydrocarbon and 
nitrile products begin condensing betow ~200 km down fo the tropopause (~40 km). These aerosols even 
‘wally precipitate out of the troposphere and accumulate on Titan's surface together with aerosols from the 


upper layers. [Adapted from (22)) 


benzene (C,H,) by the Infrared Space 
Observatory (ISO) in 2003 (4). Wilson et 
al. proposed recombination of propargyl 
(CsH,) molecules (which are derived from 
acetylene) with each other to explain the 
observations (5). Benzene is key to the for- 
‘mation of polycyclic aromatic hydrocarbons 
(PAHs) through a continued sequence of 
hydrogen atom removal and acetylene addi- 
tion (6, 7). Conversion from gas phase to 
particulates occurs when the PAHs reach a 
high mass of about 2000 daltons (1 dalton is 
the atomic mass unit equal to 1/12 the mass 
of the carbon atom), and ultimately soot 
forms, like the exhaust from diesel trucks. 
PAHs were predicted in laboratory simula- 
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benzene is found to be at a concentration of 
parts permillion, some 1000 times as high in 
‘mole fraction as the stratospheric value from 
the ISO and the Cassini Composite Infrared 
Spectrometer. Thus, the benzene abundance 
in the (lower density) thermosphere is 
rable to its abundance in the (higher 
) stratosphere. 

‘What is the cause for this high benzene 
concentration? A previously neglected mech- 
anism of ion-molecule reactions seems to 
beat work. Although charge-exchange rea 
tions to produce simple one- and two-carbon 
ions, suchas CH,” and CH," were known in 
the past (/0). no one recognized that the 
chemistry in the ionosphere could proceed 


to more complex molecules. Waite ef al. (2) 
show that heavier ions, including C,H,” are 
formed through a sequence of subsequent 
change-exchange reactions of the above ions 
with ambient neutral molecules such as 
acetylene and diacetylene, Benzene results 
from electron recombination of C,H," in the 
ionosphere. The ion-molecule reactions 
proceed much more efficiently than those 
between neutrals in the atmosphere below, 
This can explain why the ionospheric 
benzene mole fraction is enormous. With 
so much benzene around, a large produe- 
tion of PAHs in the ionosphere cannot be 
far behind, 

The detection reported by Waite er al. of 
heavy positive ions up to 350 daltons and 
negative ions up to 8000 daltons by Cassini 
Plasma Spectrometer (CAPS) (2) impli 
that ion-molecule reactions may be produ 
ing more complex ions than just C,H," even 
as the PAHs form and grow in Titan's iono- 
sphere, However, there is no way t0 po 
tively identify the composition of such mol- 
ecules from the CAPS spectra. Chemical 
models do not help either, because the 
appropriate laboratory chemical kinetics 
data are lacking, Thus, to conclude that the 
ions seen by CAPS are massive organic mol- 
ecule precursors to haze or haze itself is 
speculative. However, considering the likely 
chemical pathways to the formation of such 
molecules, the unexpectedly large mole 
fraction of benzene in the ionosphere, the 
presence of haze layers at high altitudes, and 
the total atmospheric aerosol content. this 
speculation may be close to reality. 

The picture emerging from the work of 
Waite er al. and previous studies is that both 
the ionosphere and the neutral atmosphere 
below play important roles in the formation 
of complex organic molecules. These mole- 
cules are precursors to haze. Very few mol 
cules survive condensation below Titan's 
cold tropopause (70.4 K). As a result 
aerosols have been snowing down onto the 
surface of Titan over the past 4.5 billion 
years. If left alone, they could accumulate to 
aa depth of hundreds of meters. However, the 
rin of methane is expected to wash some of 
the deposit into lake beds or river basins. 
Nevertheless, relatively large quantities are 
expected to survive intact on the surface, 

The combined CAPS and INMS obser- 
vations (2) allow a glimpse of the composi- 
tion of these aerosols, Unfortunately, their 
low concentrations mean that chemic: 
identification of the more complex of these 
molecules is beyond the capability of most 
instruments. Yet there is hope for detection 
of complex species on the surface where the 
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atmospheric aerosols accumulate. Indeed. 
the Huygens Gas Chromatograph Mass 
Spectrometer (part of probe launched from 
the Cassini spacecraft) found Titan's surface 
material to be a rich mixture of molecules 
(/J). The Huygens team has made a tenta- 
tive identification of benzene and cyanogen 
among other volatiles, even though the same 
molecules are not yet seen in the mass spec- 
tra during descent, most likely due to their 
low abundance in the atmosphere below 
146 km where the data were taken. 
A-complete chemical analysis of the sur- 
face material, including isotopes, should be 


a key focus of any future missions to Titan. 
This is because Titan's surface composition 
is expected to reflect to a large extent the 
‘composition of molecules originating from 
its atmosphere and ionosphere, but in sub- 
stantially greater concentration than that in 
their production region. Who knows. we may 
yet find those elusive prebiotic molecules. 
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CELL SIGNALING 


The Art of the Soluble 


Robin Irvine 


ince the 1980s, inositol lipids have 
phosphates as important cellular sig 
even though it was an 

inositol phosphate— inositol |.4,5-trisphos- 
phate (IP,)—that was assigned a definitive 
cellular funetion first (1). Two papers re= 
cently published in Science (2, 3) and one 
that appears in this issue (4) go a long way 
alance and establish 
mm the lipids and 


naling molecul 


soluble counterparts. 

In most eukaryotic cells. IP, is phospho- 
rylated by a sequence of enzymes (kinases) 
{0 produce inositol hexakisphosphate (IP,: 
see the figures) (5, 6). Remarkably, phos- 
phorylation does not stop there but contin- 
tues to produce mono- and bis-pyrophospho~ 
rylated inositol phosphates {properly called 
PP-1P, and (PP),-1P,, but loosely termed IP, 
and IP,, respectively]. A number of potential 
functions have been assigned to IP, includ~ 
ing DNA recombination, vacuolar morphol- 
ogy. gene expression. protein phosphoryla~ 
tion, and telomere length (6) 

‘One way in which such functions for IP, 
have been determined is by studying the phe- 
notypes resulting from deletion of Kes-1. the 
zene that encodes IP, kinase in the budding 
yeast Saccharomyces cerevisiae. However, the 
recent Science paper by Mulugu et al. (2) 
shows that we've been aware of only half the 
IP, story. The authors revisited a puzzling 
finding that yeast lacking Kes-/ still make IP, 
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(7). The great investigative strength of yeast is 
the ability to manipulate its genetics, but 
sometimes you have to do things the hard, bio- 
chemical way. Mulugu er al. combined both 
approaches, forging through protein purifica- 
tion and then a screen of 40 potential yeast 
proteins to identify a second novel IP, kinase. 
Thisenzyme turns outto be encoded by a gene 
that n the fission yeast Schizosaccharomyces 
pombe, is functionally linked to a protein 
complex (ARP) and the actin cytoskeleton to 
control cell shape and integrity 


This new IP, kinase (called Vip! in S. 
cerevisiae and Asp1 in S. pombe) is found in 
all eukaryotes and has a kinase domain anda 
phosphatase domain, the latter of which has 
an unknown role. Mulugu et al. used elegant 
structure-based threading sofiware to iden- 
tify key residues in the enzyme that they 
then mutated to generate forms lacking 
kinase activity. They show that it is indeed 
the ability of Vipl/Aspl to make IP, that is 
essential to its contribution to yeast cellular 
integrity, growth, and morphology. 
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‘New information about the synthesis and 
function of inositol phosphates shows that 
they may have wider and more important, 
effects than previously realized, 


But why are there two IP, kinases? 
Mulugu er al. show by nuclear magnetic res 
nance that each kinase makes a different 
IP, isomer. Kes-1 makes SPP-IP,, but Vip! 
synthesizes 4/6PP-1P,—that is, IP, with a 
pyrophosphate in the 4 or 6 position, 
Although 4PP-1P, and 6PP-IP, cannot be 
distinguished by nuclear magnetic reso- 
nance (5), itis likely to be 6PP-1P,, the form 
identified in the slime mold Dieivostelium 
discoideum (8). This discovery enabled the 
researchers to solve another long-standing 


Inositide structures. The structures of PIP, and IP, (left ilustrate the numbering 
convention of inasitides. Structures of two isoforms of I, are shown (right) 


1p, (SPP) 1P,(6PP.IP) 
mystery—the identity of an IP, kinase that 
makes IP,. When added together. the two IP, 
kinases synthesized IP, in vitro, In short, 
wer IP, kinase can make IP,, but each 
needs the right substrate—an IP, made by 
the other kinase. 

Another important function for IP, 
comes out of the accompanying Science 
paper by Lee er al. (3). Budding yeast stop 
growing when deprived of phosphate, a 
result of the inactivity of a eyclin/eye 
dependent kinase (CDK) complex that con- 
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sists of three proteins, Pho80, 81, and 
85. Through an arduous purification, the 
authors determined that IP, is required for 
‘maintaining the inactive state of this com 
plex, The CDK inhibitor Pho8 | is the likely 
effector protein (and receptor) for IP. but 
which IP,? The one made by Kes-1 or by 
Vip!” The genetic evidence points unam- 
biguously to Vipl. Moreover, Lee ef al. 
show that 4/6PP-IP, is more efficacious 
than SPP-IP, in inactivating the CDK-Pho 
complex in Vitro, This is the first isomer- 
specific molecular action of an IP, linked 
toa physiological response, and as such, 
IP, becomes a bona fide md messenger. 
‘On page 886 of this issue (4), Huang et 
al, solve an older mystery—the physiologi- 


phatidylinositol 4.5-bisphosphate (PIP). it 
must recognize PIP,’s polar head group, 
which is IP,. Thus, any PIP, effector might be 
expected to bind IP,and indeed, those PIP, 
effectors that have been studied in vitro do 
precisely that, So IP, binding is not a good 
criterion for identifying putative IP, effectors. 
Three years ago, Huang and colleagues 
determined that a mouse with defective T 
cell development hada mutation in the gene 
encoding an isoform of the enzyme IP, 3- 
kinase (/3). Contemporaneously, another 
group found the same phenotype by generat~ 
ing a transgenic mouse lacking the same 
IP, 3-kinase (/4). Now Huang ef al. have 
dissected out where the problem lies. The 
developmental defect is due to insufficient 
activation of phosphoinositide 
phospholipase € (PI-PLC), the 

‘enzyme that splits PIP, into IP, 


me, and diacylglycerol, It turns out 

13 fs practise that by activating protein kinase 
PrPLc ” C, diacylglycerol drives T cell 
ie development 


10,456)", 


i rutinase Ook 


10,345.00, 
1, 2Kinase pk), 


10,2345, 
ViptAso { 


esa 
ov a, 


kcs-1 oF Vip Asp 


Inositide kinases. The metabolic relationships among inositides, 
Yeast nomenclature is also shown; yeast has no type | Pl 3-kinase, 
and IP, 3-kinase is found only in metazoans. The IP, and IP, isomers 
highlighted in gold are discussed here. DAG, diacylalycerct. 


cal function for inositol 1.3.4.5-tetrakis- 
phosphate (IP,). Since its discovery (9), the 
issue of whether IP, is a signaling molecule 
has been controversial and confusing (see 
the figure) (5). For example, depending on 
system, IP, blocks or promotes net cal- 
cium entry into cells (0. 11). 

This confusion is exacerbated by the 
uncertain nature of an IP, receptor. IP, is the 
polar head group of phosphatidylinositol 
ee the figures), an 
I lipid that governs many aspects of 
cellular physiology (12). Because any PIP, 
effector protein (there are now about 20) must 
distinguish PIP, from its precursor, phos 
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So what molecular event 
that activates PI-PLC is miss- 


cells, activation of the relevant 
(isoform of PI-PLC depends 
‘on its phosphorylation by the 
enzyme Itk. Itk localization 
depends on PIP, in the mem- 
brane. Huang ef al. convine~ 
ingly demonstrate that when T 
cells from mutant mice lacking 
IP, 3-kinase are stimulated, 
PIP,-dependent recruitment of 
Itk to the plasma membrane 
does not occur because it re- 
quires obligatory help from 
IP,.As with all well-character- 
ized PIP, effectors, Itk binds 
PIP, through its pleckstrin homo- 
logy (PH) domain, Huang et a 
show that low (physiological) 
concentrations of IP, promote 
binding of Itk’s PH domain to PIP, in vitro. 
The precise mechanism by which IP, pro- 
motes this interaction is not fully eluci- 
dated yet, but given that the authors also 
show that Itk oligomerizes (likely forms 
dimers) through its PH domain, it may 
be a simple allosteric effect. In other 
words, IP, binds to one Itk monomer and 
increases the affinity of another for PIP, 
At high IP, concentrations, dissociation 
of Itk from PIP, occurs, as one might 
expect from direct competition between 
IP, and PIP,. 

‘The tale becomes more intriguing because 
Huang et al, discovered two other proteins 


whose PH domains exhibit IP,-promoted 
binding to PIP, One is already a promising 
IP, effector, GAPI®? (75, 16), unique 
among known PIP,-binding proteins in 
being constitutively bound to the plasma 
membrane. Arguably more provocative, 
however, is the other protein, a kinase called 
Tee. This is a well-established PIP, effector 
(/7) but there has been no hint that it might 
be regulated by IP,. This observation leads 
to the sightly unnerving question: Do all 
PIP, effectors show the same behavior? 

One possibility is Btk, the B cell equiv: 
Jent of Itk. In looking at B cell signaling in 
the same mutant mi Miller er al. (11) 
found that B cell development and prolifera- 
tion are both compromised. Moreover, inthe 
mutant B cells, PI-PLCy activity is slightly 
decreased. However, things are never so 
simple, because the authors were unable to 
detect compromised tyrosine phosphoryla- 
tion of Btk in vitro, so it is unclear whether 
recruitment of Btk (or another PIP, effector) 
to the B cell membrane by PIP, requires 
physiological input from IP, 

In considering this fascinating new rela- 
tionship between PIP, and 1P,, how much 
PIP, isnecded for IP, tobe effective in vivo? 
‘Unstimulated cells can contain a physiolog- 
ically significant concentration of PIP, (18). 
Could there be circumstances where events 
hitherto believed to be entirely under PIP, 
control may be partly, or even mostly, under 
the influence of its soluble counterpart? 
After so long in the shadows, it seems that 
IP, is coming into the limelight, and may be 
in for an exciting time. 


References 
1H Streb eto, Noture 306, 67 (1983), 
2 $.Muluguet a, Science 316,106 2007). 
3. YS, le et, Sclence 326, 109 (2007); published 
online 5 Api 2007 (10.1126science 1138684). 
4.1.H. Muang eto, Science 316, 86 (2007); published 
online 5 Apri 2007 (10.1126cience 1138684), 
‘RF livin, MJ. Schell, Nat Rew Mol. Cl Biol 2,327 
000. 
{6.1 0.Yor, Biochim. Bophys Acta 1761, 552 (2006). 
7. $.| York eta} Biol. Chem. 280, 4264 (2005) 
1 TLaussmann e ol, Biochem, 322, 31(1997). 
9. 1UR Batty 5. Nabors, RE Invine, Blochem. J 232, 
2a 0985). 
30. L Changya eto, FEBS Lert. 251, 43 (19 
AL ALL. Miller eto, Ne. Immunol. 8, $14 2007), 
12. B. Vanhsesebrotek eal, Annu, Rex. Biochem. 70, $35 
‘@00n. 
13. 6.G.Wenetel, Proc Natl Acod. Sci, USA, 102, 5608 
2008). 
14. V.Poulon eof, Not. Immunol. 4, 1136 (2003). 
15. P.) Gallen etol, Noture 376, $27 (195), 
16. GE. Govier eto). Bol. Chem. 275, 28261 (2000). 
117. M.G Tomlinson etal. Biol. Chem, 279, 55089 
(008. 
1.0. Hes eta, Science 324, 1858 (2006); published 
‘online 8 November 2006 (10.1126/science.1134389), 


Te 


10.1126/science 1143339 


jiencemag.org 


Global Desertification: Building a 
Science for Dryland Development 


James F. Reynolds,** 0. Mark Stafford Smith,? Eric F. Lambin,? B. L. Turner 14 
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Rik Lemans,” Tim Lynam,” Fernando T. Maestre,”* Miguel Ayarza,”* Brian Walker? 


In this millennium, global drylands face a myriad of problems that present tough research, 
management, and policy challenges. Recent advances in dryland development, however, together 
with the integrative approaches of global change and sustainability science, suggest that concerns 
about land degradation, poverty, safeguarding biodiversity, and protecting the culture of 2.5 
billion people can be confronted with renewed optimism. We review recent lessons about the 
functioning of dryland ecosystems and the livelihood systems of their human residents and 
introduce a new synthetic framework, the Drylands Development Paradigm (DDP). The DOP, 
supported by a growing and well-documented set of tools for policy and management action, helps 
navigate the inherent complexity of desertification and dryland development, identifying and 
synthesizing those factors important to research, management, and policy communities. 


rylands cover about 41% of Earth's land 
D dare bon to roe than 35% 
‘of the total global population of 65 billion 


severe land degradation is 
‘on 10 10 200% of these lands [medium- 
se conclusion of (2)] (3), the con- 
sequences of which are estimated to affect rectly 
some 250 million people in the developing world, 


(1,2), Some form « 
presen 
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an estimate fkely to expand substantially in the 
face of climate change and population growth (4), 
The United Nations has periodically focused on 
desertification and drylands, notably adoptin 
Convention 10 Combat Desentitication (CCD) 
1992 (3) and designating 2006 as the Intemational 
‘Year of the Desert and Desertification. 

One contribution of the CCD was to enshrine 
a definition of desertification as “land dey 
radation in arid, semi-arid, and dry subhumig 
areas resulting from various factors, including 
clinotie variations and human activities.” that is, 
encompassing both biophysical an social factors 
(5). However, the CCD and related efforts receive 
comparatively litte exposure in the popular ant 
scientific media (6), in part because of the ab- 
sence of a focused intemational science program 
(7). Advances in various aspeets of science rel 
evant 10 drylands and community develo 
practices in recent years sugwest a 
framework for managing dryland systems 

The DDP presented here centers on the live- 
lihoods of human populations in drylands, and 
their dependencies on these unique ecosystems, 
through the study of coupled human-en ronmental 
(ILE) systems (8). The DDP responds to recent 
research and policy tres (Fig. 1) that fink exo- 
system management with human livelihoods in 
‘order to best support the large, and rapidly 
panding 


and key advances drawn from a diverse array 
of research in desertification, vulnerability, pov 
ety alleviation, and community development 
(Table 1). 
Research and practice in these fields have 
increasingly converged on a set of five general 
he condition and dynamics 
(of ELE systems as they apply to sustainable 
development in deylands. (i) Both researchers 
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Fig. 1. The focus on global drylands is shifting 
{rom an emphasis on negative images of desert- 
ification (upper: drought-stricken cattle onan 
eroded grassland in central Australia. Photo: Mt, 
Stafford Smith) to a more forward-looking per- 
spective concerning human livelihoods, based on 
interactions between and among human activ- 
ities and natural-world processes (lower: farmer 
spraying organic pesticide on domesticated 
‘quinoa in southern Bolivia, Photo: J. Reynolds). 
Either way, great challenges to the future 
security of some 250 million people remain (4). 


and practitioners need to adopt an integrated 
approach: Ecol 

damentally interwoven, and so are the options 
far livelihood support and ecological manage 
ment. (i) There needs to be a heightened aware 
ness of slowly evolving conditions: Short-term 
measures tend to be superficial and do not re= 
solve persistent, chronic problems nor deal with 
continual change. (ii) Nonlinear processes need 
to be recognized: Dryland systems 
equilibrium, have multiple thresholds, and thus 
cofien exhibit multiple ecological and. social 
states. (iv) Cross-scale interactions must be 
anticipated: Problems and solutions at one scale 
influence, and are influenced by, those at other 
scales. (v) A much greater value must be placed 
‘on local environmental knowledge (LEK): Its 


cal and social issues ane fun- 
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practice is central to the management of most, 
dylands but is offen undervalued. 


Template for a New Science 
Building on earlier efforts (/0), we synthesize 
and formalize these lessons more explicitly in 
the DDP. The issues that the DDP principles 
highlight arise from a suite of biophysical and 
socioeconomic features that together constitute 
a “drylands syndrome,” such that dryland 
populations are among the most ecologically, 
socially, and politically marginalized popula- 
tions on Earth (/1), Sustainable development in 
ids is deternined by five key features of 
the drylands syndrome (noted as ds-1 to ds-S 
below), which dominate the dynamics of H-E 
systems 

Dryland syndrome, Drylands—which in- 
clude arid, semi-arid, and dry subunit areas 


are by definition (2) areas where precipita- 
tion is scarce and typically more-or-less un- 
predictable (ds-1: high variability), High air 
Temperatures, low humidity, and abundant solar 
radiation result in high potential evapotrans- 
piration, Many dryland soils contain small 
amounts of organic matter and have low aggre 
gate strength (ds-2: low fenility), Both tillage 
and grazing by domesticated animals can 
quickly have major impacts, so drylands are 
sensitive to degradation (/, 2). These and other 
biophysical features have profound social and 
‘economic implications. 

Compared to mesic areas, and a few major 
desert cities notwithstanding, the human popula- 
tions of drylands are usually sparser (ds-3: sparse 
populations), more mobile, mone remote from 
markets (ds: remoteness), and distant from the 
‘centers (and priorities) of decision-makers (ds 


distant voice). It is also harder to deliver services: 
efficiently, and institutional ammangements de- 
vised in other regions may be dysfimetional 
‘when imposed on drylands. As a result, dryland 
populations tend to lag behind populations in 
ther parts of the world on a variety of eo 
nomic and health indices, even controlling for 
Sruralness” (2), with higher infant-mortaity, 
severe shortages of drinking water, and: much 
lower per capita gross national product 

Principles of the DDP. The DDP consists 
of five principles (Table 2), which are 
‘on the aforementioned lessons but that are also 
consistent with the dryland syndrome, 

Principle 1. Dryland HE sy 
pied, dynamic, and coadapting, with no singke 
target equilibrium point (/3), They are the co 
evolved product of complex interactions. be- 
‘ween biophysical (ez. climate, soil, biota) and 


Table 1. Selected fields of activity relevant to dryland development, 


synthesis presented in 


Table 2. P1 to PS indicate how the specific 


showing some key advances in research and lessons for management and advances and lessons foreshadow principles 1 to 5 and their implications 
policy over the past two decades, and which provide the basis for the new as given in Table 2. 


Fields of activity 


Some key advances in drylands research 


Some key lessons Learned for drylands practitioners 


Desertification and 
rangelands ecology: 
Understanding the 
biophysical (59, 60) and 
socioeconomic (62) 
rivers of dryland 
degradation, as part of 
global environmental 
change research 

Vulnerability 
Understanding the 
integrated environmental, 
social, economic, and 
political exposure of 
human weltare to a range 
of potentially harmful 
perturbations (64) 


Poverty alleviation: 
Elucidates human 
welfare-land degradation 
relationships (68) 


Community-driven 
development: 
Seeks to enlarge the role 
of local communities in 
Policy and to strengthen 
local autonomy in 
governance (72) 


‘Many case studies of chronic dryland degradation—caused 
by interactions between biophysical and social drivers— 
have been documented (e.g, land uses that exhaust 
available water resources or are unsuited to highly 
variable precipitation regimes (62). 

The debate about drylands being disequilibrium systems has 
bbeen resolved in favor of a more dynamic, 
‘nonequilibrium view (13). 

[+-P1, P2, P3) 

Vulnerability involves multiple stressors across multipte 
temporal and spatial scales, and emerges from the 
{interactions of social actors, the environment, and 
institutions (65). 

Thresholds of critical risks are dynamic in space and time 
‘and are rooted in historical structural causes le.g., 
construction of wells during a severe drought in the 
Sahel interrupted herd movements, creating new 
wulnerabiites (22). 

{+-P1, P3, Pa) 


"Poverty trap” thresholds exist (69) from which it is dificult 
for individuals and households to extract themselves 
‘without outside intervention. 

Livelihood diversification, which is increasingly promoted 
in drylands, reduces dependence on highly variable 
natural resources (2), 

‘E+P2, P3] 


“Top-down” development policies often contradict local 
practices and undermine sustainable development fe.g., 
conflicts between state and local perspectives on 
burning in Mati (72)]. 

‘Community-driven management, though more sensitive to 
local conditions and knowledge, is not 2 universal 
solution (73). 

[-P4, Ps} 


Desertification isthe emergent outcome of a suite of 
socal and biophysical causal factors, with pathways 
of change that are specific in time and place (23), 

Poor resource management is compounded by weak 
institutions, poorty implemented technologies, or 
explotative economic and political systems {thus 
emphasizing links between coupled H-E systems 
(63). 

(-P3, P2) 

Expansion of cropping into rangelands during wet periods 
changes system thresholds and often results in crises 
and environmental collapse when dry conditions 
return, €., the 1930s U.S. Dust Bowl (66) and 
“sandifiation” in China's Ordos Plateau (31). 

With adequate preparedness, ealy-waming systems can 
reduce the human tol of natural hazards and 
liveinood-based measures can reduce longer-term 
vulnerabity fe.g., community adaptation to drought 
in Kordotan, Sudan (67)]. 

{--P2, P3) 

Development schemes in drylands justified as alleviating 
poverty have often been driven by divergent, higher- 
level politcal or economic objectives fe.g, forced 
relocation of Ethiopian Highlands peoples after the 
1980s famine 70). 

Low productivity often means that interregional flows of 
labor, capital, and skills (e.., by migration to urban or 
‘more humid areas) are needed to sustain poverty 
reduction in drylands, 

-P3, Pal 

‘An increased role for local communities and land users is 
‘needed for win-win (environment-development) 
cutcomes (74) requiring rights to participate and 
<apacity-building initiatives. 

Proper engagement of local people (and local 
environmental knowledge) with scientists (and 
Scientific knowledge) can contribute to sustainable 
management (75, 76). 

LPs) 


11 MAY 2007 VOL 316 SCIENCE 


awe sciencemag.org 


tional) subsystems (74), complete with a history 
and geogmphy, and are constantly changing in 
response to both external (c.. climate, prices) 
and intemal (c.g. feedbacks between soil 
hutrients and plant growth, a famier’s economic 

‘sions regarding land use) drivers, An 
example of the coevolution of HEE systems is 
provided by Mortimore and Hanis (/5) for the 
Kano Close-Settled Zone in Nigeria, covering 
the period 1962 to 1996 (16). Given this scenario, 
approaches to development must simultancously 
consider both biophysical and socioeconomic 
ons of the dryland system in question 
[key implication 1 (ki-1) in Table 2] (77). Trends 


de 


dimes 


in soil fertli 
be linked to 


definitions (8). 


Principle 2. The critical dynamics of dryland — 1 
systems are determined by “slow” variables, 
both biophysical and socioeconomic [as exem- 


ctors such as labor, settlement 
pattems, and livelihood! system dynamics, and 
ice versa, With appropriate temporal and spatial 


for example, must 


(20,20. 


Given the complex, multivariate structure of 
E systems, it is important to recognize that 
tot all variables camry equal weight (7). It is 
‘often possible to identify combinations of inter 


plified by the coevolution of the coupled HE 
sysiems of Maradi, Niger (Box S1, supporting 
online text)). Slow variables (€ 
household capital wealth) have lengthy tumover 
times and are thus useful for gaining insights 
into longterm H-E changes, resource collapses, 
potential surprises, and new opportunities (19). 
‘The vagaries of precipitation, pest outbreaks, 
and other strongly fluctuating varibles charac- 
tenstic of drylands tend to generate noise, mak- 
ing such “fast” variables with relatively rapid 
tumover times (cg., crop yield, household dis- 
posible cash) poor indicators of and degradation 
for the need for intervention (/7). Nevertheless, 
both research and human exploitation of re- 
sources are oflen based on relatively fast yar 
iables (19), which for drylands has confused 
the debate about strategic development needs 


soil fertility, 


related variables that can be grouped togeth 
syndromes of degradation (22), thus simpli 
analysis and intervention (ki-2, Table 2) (23), 

Principle 3. Slow variables possess thresh- 
folds that, if crossed, cause the system to move 
into a new state of condition, The importance of 
thresholds is widely recognized in both the 
ecological and_sociocconor 
and, although this usually focuses on one, dom- 
inant “shit.” Kinzig et al. (25) show that mast 
regionals 
potential regime shifts, in different domains 
(ccological, social, economic) and at diferent 
scales, such that one shift may trigger or pre- 
elude others. Thresholds may vary 
of intemal dynamics at other scales, and in some 
instances can be deliberately altered, For ex- 
ample, the provision of piped water or solar 
sookers in remote 
the income threshold at which women have 
spare time 10 invest in small business. or 
education by reducing the time taken to eolkeet 
‘water or fuel (26), 


REVIEW f 


literature (24) 


ystems have a number of actual or 


a function 


ages can dramatically alter 


Table 2. Principles of the Drylands Development Paradigm, with a brief overview of their importance vis-a-vis the five main components of the dryland 
syndrome (ds-1 to ds-5, see text) and their implications for research, management, and policy. [Based on Stafford Smith and Reynolds (77)] H-E, human- 
‘environmental systems; LEK, local environmental knowledge. 


Links to dryland 
Key implications (ki) for 
Principles ‘Why important in drytands aa, Secaees, Renin AT IAG 
PA: HE systems are The close dependency of most drylands livelihoods on ds-2: variability: ‘Kiel: Understanding dryland 
«coupled, dynamic, and the environment imposes a greater cost if the 5-4; remoteness desertification and development 


coadapting, so that their 
structure, function, and 
interrelationships change 
cover time. 


P2: A limited suite of 
“slow” variables are 
critical determinants of 
HE system dynamics. 

3: Thresholds in key slow 
Variables define different 
states of H-E systems, 
often with different 
controlling processes; 
thresholds may change 
cover time. 


PA: Coupled H-€ systems 
are hierarchical, nested, 
and networked across 
‘multiple scales. 


PS: The maintenance of a 
body of up-to-date LEK is 
key to functional 
coadaptation of H-E 
systems, 


coupling becomes dysfunctional; variability 
caused by biophysical factors as well as markets 
and policy processes, which are generally beyond 
local control, means that tracking the evolving 
changes and their functionality is relatively harder 
and more important in drytands. 

Identitying and monitoring the key slow H and & 
variables is particularly important in drylands 
because high variability in “fast” variables masks 
fundamental change indicated by slow variables. 

Thresholds particularly matter in drylands because the 
‘capacity to invest in recovering from the impacts 
of crossing undesirable thresholds is usually lower 
per unit (area of land, person, ete; and, where 
outside agencies must be called upon, the 
transaction costs of doing so to distant policy 
centers are usually higher. 


Drylands are often more distant from economic and 
policy centers, with weak linkages; additionally, 
regions with sparse populations may have 
qualitatively different hierarchical relationships 
between levels. 


‘Support for LEK is critical in drylands because 
experiential learning is slower where monitoring 


feedback is harder to obtain (owing to more variable 


systems, larger management units, in sparsely 
populated areas) and, secondarily, where there is 
felatively ess research. 


1: variability 


dds-4: variability; 
45-2: low productivity, 
ds-4; remoteness; 
ds-5: distant voice 


ds-1: variability; 
‘45-3: sparse population 


{issues always requires the 
simultaneous consideration of 
both human and ecological 
drivers, and the recognition that 
there is no static equilibrium "to 
aim for.” 

Ki-2: A limited suite of critical 
processes and variables at any 
scale makes a complex problem 
tracable. 

The costs of intervention rise 
rnontinearly with increasing land 
degradation of the degree of 
socioeconomic dysfunction; yet 
high variability means great 
uncertainty in detecting 
thresholds, implying that 
‘managers should invoke the 
precautionary principle. 

Ki-4: H-E systems must be managed at 
the appropriate scale; cross-scale 
linkages are important in this, but are 
often remote and weak in drylands, 
‘requiring special institutional 
attention. 

1-5: The development of appropriate 
hybrid scientific and LEK must 
be accelerated both for local 
‘management and regional policy. 


ki 
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As an HEE system moves further from some 
desimble condition or state, the cost of imter- 
Yention to “return” the system to that condition 
also increases. Sudden changes or nonlinearities 
associated with thresholds (ez... run-off from 
‘overland flow to gullies; labor withdrawn due to 
\War or out-migration) tend! to amplify the costs 
of intervention (ki-3, Table 2), In impoverished 
drylands, these costs are further exacerbated by 
economic limits to local investment capacity 
thus triggering the call for extemal resources 
that further inerease transaction costs in remote 
areas [examples in (17, 27)] (28). 

Principle 4, The invohement of multiple 
stakeholders, with highly differing. objectives 
and perspectives, illustrates the need to pay at- 
tention to the multilevel, nested, and networked! 
nature of HEE systems, Operating hierarchically 
andl across. scales, linkages between stake- 
hoklers embed the system in question within 
‘others (/0, 29), Such scale issues are especially 
important in drylands because so many of them 
are sparsely occupied and remote, ex. from 
city-based agencies or company headquarters, 
Which weakens political and economic em 
powerment (30), In addition, slow variables at 
‘one scale of interest are affected by slow and 
Variables operating at other seas, such that 
interventions at one scale generally alter the 
system at the next [e.g (3/)] 

However, not every problem need be viewed 
as encompassing all scaks of eoncem. Berkes 
and Jolly (32), for example, argue that short 
tem coping mechanisms are displayed at the 
household and individual seales, whereas lomg- 
term adaptive strategies, such as change in cule 
tural values, are expressed at broader scales. In 
‘general, intervention on, and management of, 
4 particular process must occur at the ap- 
propriate swale (ki, Table 2). For example, 
inasmuch as management is affected by insti- 
tutions (rules of governance), the two should be 
scale-matched (33). 

Principle 5, The key to maintaining fune- 
tional condaptation of coupled H-E systems is 
aan up-to-date body of “hybrid” environmental 
knowledge that integrates local management and 
Policy experience with science-based knowledge 
all of which must be mediated through an ef 
fective institutional framework. Local environ 
imental knowledge, which encompasses a wide 
range of activities, miay develop rapidly oF over 
generations (34) and has served long-persisting 
‘groups well 8. native Americans (35). 

In the moder world, however, the traition- 
al role of LEK is threatened by rapid changes in 
‘both biophysical (e.z., exotic-species introduc- 
tions, shits in ) and socioeconomic (6.2. 
population growth, changing technologies, new 
‘economic demands) drivers. Furthermore, in the 
Variable environments of drylands, expecially 
those subject to climate change, acquiring: new 
LEK through leaming from experience is par- 
ticularly slow, so identifying new alliances of 
local and science-hased knowledge systems to 
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speed up this acquisition is particularly impor- 
tant (27) (kieS, Table 2). Examples of the 
products of such alliances include local climate 
forceasts (36) and soil classifications (37), 


Application of the DDP 

The DDP serves two purposes: One is concep 
tual, providing a holistic synthesis of the dis- 
pparate lessons drawn from previous work on 
desertification and development (Table 1) in the 
setting of the unique features of drylands (the 
dryland syndrome}; the other is practical, pro- 
Viding a template whereby each of the five prin- 
ciples (Table 2) can be thoroughly examined and 
tested in case studies. 

Other complex, integrated approaches wo 
‘environment and development issues that have 
‘been entertained in the past, such as farming 
systems research [ext (38, 39), have faced the 
genuine difficulties that rescarchers, managers, 
and policy-makers have with tackling complex- 
ity. To address the global problem of desertifi- 
cation realistically, an integrative approach is 
required, not only because of synergy between 
clements of coupled IE systems (/4), but also 
because programmatic and policy concems 
about cach have implications that often conflict 
if treated individually (2/), The real challenge 
that the DDP aims to satisfy is to develop ef 
ficient and effective approaches to understand: 
ing complex H-E interactions in drylands, while 
respecting and recognizing the capacity of hoeal 
‘communitics and policy-makers to deal with 
their complerity, 

‘The DDP is being tested by the ARIDuet 
network (40) with intendisciplinary workshops 
of 15 to 25 pumticipants. To date, ARIDuer 
workshops have addressed local questions of 
fand degradation in rural, dryland H-E systems 
in Bolivia, Mexico (4) (Box S3), and Honduras 
(42). The DDP is most effective when con 
‘ceptualizing and framing local issues, and their 
potential solutions, because it is open to the 
many different lenses through which dryland 
use and development are viewed by multiple 
stakeholders. In these workshops, the imple 
mentation phase was found to be mest challeng- 
ing, requiring that all stakeholders jointly work 
through the DDP principles, agreeing on the 
specific implications of each, The Menican and 
Honduran case studies revealed that it is nec- 
‘essary to allow people to explore problems in 
their own words and gradually work specific 
issues into the DDP framework. 

Dryland development issues occur also in 
more developed countries. In Australia, for ex- 
ample, the Desert Knowledge initiative (43) 
‘seeks sustainable livelihoods and viable desert 
setements, and in the United States, the Central 
Arizona-Phocnix Long Tenn Ecological Re- 
search project (44) secks to understand the 
relation between landuse decisions and cxolos- 
ical consequences. These projects share the long- 
term goal of improving dryland ecosystems and 
regional coonomies and, building on DDP-like 


analyses, seck economic livelihoods that_ may 
‘emerge from sustainable use of dryland environ- 
‘ments yet reach out successfully 10 markets be- 
‘yond these regions, 

The DDP docs not purport to represent an 
exhaustive set of programs, tools, and. ap- 
proaches for dryland development, Infact, in 
cent years there has been substantial improve- 
ment in the suite of toolsets available to the 
policy, management, and research commu- 
nities concemed with drylind development 
lew, (2, 45-49). Rather, the DDP serves as 
an analytical framework through which specific 
problems may be identified and opportunities 
implemented with greater insight, We are confi- 
dent that further application and testing of the 
DDP through case studies will lend to continued 
refinement of a parsimonious set of theor 
systems-oriented principles for analy ing dryland 
development issues in any particular region of 
the world, to the betterment of the 2.5 billion 
people who live in dryland globally 


References and Notes 

1. GAP, Gobal Land Projet—Science Pan and 
Implemetation Strategy” (GBP (nterational Geosphere 
osphere Program) Report No. S3Anertional Human 
Dimensions Programme Report No, 19, KP Secretariat, 
‘Stockholm, 2005]; wrw lobllandproject.og/ 
ocuments shi. 

2, MEX dillennism Ecosystem Assesiment—Ecosystems ond 
‘Hamen Wel-Being: Desertification Synthess (Wold 
Resources Insitute, Washington, DC, 2005). 

3, UNCCD, United Nations Convention to Combat 
Desertification, Haboration ofan International 
Convetion to Combat Desertification in Counties 
Laperiencing Serious Drought andor Desertification, 
Partclty in Aca” (U.N. Doc. NAC24V27, 33 LLM, 
1328, United Nations, 1994), 

‘4 The precise rumbers ofthe dryland population alected 
‘by desertification is contentions (50), but 250 milion 3 
widely cited approximation (2 3). For comparison, the 
Glotal Fund estimates annually 1 milion deaths and 300 
1 $00 milion rw infections for malaria, 3 milion 
<eaths and 40 milan new nections for AIDSHIV, and 2 
‘million deaths and 8 milion new infections fot 
‘uberculss (wi theglaballund. xg). 

‘5, Thee hasbeen extensive debate concerning definitions 
‘of desertification and degradation (51). Although the 
CO defnition is nom formalized internationally, 
‘summary ofthe debate i gven in (10,52) 

{6 na search of Science foe july 1996 through June 2006, 
“eliat* change” appeats in 634 tilevabstacts, and 
“Diodiventy” (or “biclogial diversity”) appears in 213, 
hereas “dsertication” (and biophysical arms of 
degradation”) appeats in oly 4. Meanatil, the 
Convention on Climate Change occurs in 7 abstracts, the 
Convention on Bologkal Diversity accu in 4, and the 
CD appears in 1. Similar findings ae tre for Notre. 

7. We suggest that nthe pas this hasbeen exacerbated by 
2 polarization ofthe research and practitioner 
‘communities over the phenomena and processes of study, 
induding tensions between environmental and 
ewelapment agendas and concepialdillerences 
beeen top-down, expert-driven manager solutions 
20d bettam-up local knowledge and capacty-bulding 
‘pproaches (53). Such polarizations and diterences are 
‘ow ameicating. 

8. We we H-E interaction to encompass a broad 
interpretation ofthe mutual interactions between and 
‘among human actnites and natural- wold processes—an 
‘emerging fil of cence that has evived in response 16 
‘he need to elucidate complex celationships between 
‘sustainable resource use by humans ad thet 
eircoment (54. Aso termed “socal-ecological 


wawvesciencemag.org 


2%, 


‘syste by The Restence Alisnce (wee 
phe) HE systems are more camplee an the 
ature ofthese ters impies (25). Hee, developing 3 
Predictive understanding of them 2 maj calenge ft 
Inaerm scence (5), 3 change that partly 
_kcenated in dylan. 

‘is represent a shit i thud, rom an emphasis on 
imily negative aspects of deseriicaon (drought, 
famines, poe) 2 mor paste focus on alternative 
Uetnods and sutinabiiy (56,57), 

IF Repos 0. ML Stator Smith, Es, Global 
Deserition: Do Humans Couse Desert? (Dae 
Workshop Report 8, Dahlem Un. Press, Bein, 2002) 
5. Hhagram,W.C. Clk, DF. aad, Au.D. 8, 289 
(2003) 

NJ Midleton, D5. 6. Thomas, ds, Word Atos af 
‘Deserifition (UM. Eicoment Programme, Edvard 
‘Aol Hew Yor, e 2.1997), 

{Gon MT Hoiman, Science 315, 3 (2097. 

A Gali. Thornton, | Rd Pn, Sunder, 
Bonne, Mum Ecol 34, 155 2006). 

M. Mentor, F Hans, Lond Ue Poly 22, 43 (2005), 
Ina sandy dana are of ~2500 tm’ around Kao, 
Niger, changes Ja H-E system om the 1960 othe 
1990s were driven by 2 25% decline in average anual 
final an bya increase in ral population desis 
fram 140 to 3220 bm 

Re Fendoder et ol, n Global Desertfcoon: De Humans 
‘Cause Desert, F, Rey, 0. Stall Smith, Es. 
(Gahlem Univ. Pes, Bein, 2002), pp. 297-323 

‘A Warren, 5, Baiterbuy, H Orta, Global Enron 
‘honge 13, 79 2001). 

5. Carpenter, MG ures, Ecosystems 3, 498 
(2000), 

D, Stotr et of, Scene 340, 1333 (2008, 

BEL turer W, Geog. 1. 163, 183 (199M. 

1.€ Downing, M. Lele, in Gla! Deetficebon 
‘Do Humons Couse Deer? F-Reyrkds, DM. Stalord 
Smith as (Dale Uni. Pres, Brn, 2002, 

pp. 233-282 

J, Geis EF. Lambin Bioiene $4, #17 (2004 
Whats, 1A. Meyers, Ecol Soc. 9,3 (2008); 

wm sclogyndicieyorgvea2/an3. 
‘inl ol, El. Soe 11,20 (2006); wo. 
‘cclogyandsoity ergo Vis V20/ 

CA Sullvan, tod Dev 30, 1195 (2002) 

PF Rabin tn GlobolDeserfation: Do Humans 
‘aus Desert, F. Rey, . M. Stal Smith, Es. 
(Gable Una. Pes, Bei, 2002), pp. 325-355. 

In wath ecnaie, there ae eraugh resource or 
techtolegalmanagerbl intervention to ampere for 
‘ecines io eral variables ofthe 1 pte 9, 
‘tough large-scale water wanspor ort shit the ene 
‘ryand-se ste (eg, suburban expansion ofthe 
‘mercan Sunbet (5). 

LCN: Ginderon, CS Hling, fs, Panarehe 
‘Undertendng Tonsformatons in Human and Netual 
Stems (sand Press, Washington, X, 2002) 

5 Bterbury eta, in Gobo Deserta: De Humans 
(Gouse Desert, F. Rey, . M. Stall Smith, Es. 
(Gahlem Univ. Pes, Bertin, 2002), op. 357-385. 
jan, in Glbat Desetfcaton: Do Humens Cus 
‘Desert? | Rens, 0. M. Stale Sith, 
(Oshlem Univ. Pes, Bein, 2002), pp. 181-196. 

F. Bees, D oly, onsen Ecl. 5,18 2000; 

sw consecoLorgels22n18 

Oso, | Burger, C. & Feld RB. Norgaard, 

0, Play, Scence 284, 278 (1999). 

NJ Tamer MB. grace, grace, ok. App 30, 
1275 (2000), 

G Nabhan, Ecol Appl. 10,1288 2000) 

Ch. Sige, 2. Dawe 0. Z Onyenoty M Xorg, 
im. Change 70, 235 2005) 
famosa, Geoderma 135,248 (2006) 
‘Tengo, K Belge, Eel Soc 9, (2008; 
_womueclomandeoeorhelasant, 

“AM Ridley, P.M. le, CR. Beveiy, Sil Bol 
Biochem. 36, 1213 (2008 

‘Afldot ian iteration etna (Soe 52 established 
ta conduct case stds of and HE stems, the goal 


yomsciencemag.org 


8 


a. 


regions of Guatemala, Honduras, Nearagua, and BL 
Salvador face sever fad deficits ad poor opprtniies 
for generating income fo improve their ethoods. The 
‘Quesungual Sash and Mulch Agroforesty System (OAS) 
vs developed 35 a development strategy to improve 
‘ra vetoods in the Lempira Department, Hondas, 
and has naw been adopted by mare than 6000 farmer 
Iewseholds. This alternative 1 sash-and burn agrtre 
‘bulds strongly on local knowledge ta deliver a doubling 
in crop elds and cathe stocking rates and considerable 
‘eduction in coms associated with agrochemicals and 
labor, aswel as much improved resilience to droughts 
‘and clones thanks te enhanced landicape water 
balding characteristics. To examine the OAS in the 
‘cantest of the DOP framewark, an ARIDnetwottshop (13, 
1 20 November 2005)—invcving 20 natural and seca 
‘cles merking i conjunction with acl communities, 
and decion maken—conducted a systematic analyse 
long-term sesainabiy in the Candelaria region of 
Lempira, An analss of findings showed that increased 
‘ates of sl erion aiociated wit inappropriate 
management pratices in southern Honduras and 
‘arte Nicaragua can push these hse 
agroecompters aro hydrologic west (grinciple 3 
in Table 2, Le, P3: PL PS and il to KES refer to 
‘rincpes 1 to § and key implications 110, respectively, 
ln Table 2) when couse tested surtace horizons are 


‘eats (more motte armen emigrate i ety 965 
yell ecg) (FT OAS used on eat 
‘erevmentl knowledge (5) een adress the 
‘ey son biphyical variables (ol depth and forest 
‘ove by arene stability oe tine ofthe fast 
barbs al mowtue mali) and woocoromi 
arable (income 5 dere wth uewaod ad re: 
‘0p reduction) (PD). The stem supperied by an 
tetera eto goverment and rongvetrmet| 
‘ears at mute ees P4A). The OOP 
utp ad he development of related conceptual 
‘made, beped wrshep pat pats ech the bey 
{actrs and pocesies adres bythe OAS (5) For 
ther eample, tom Mena, see Bo S3 

#- Ward, M. Slr Sith, in Proceedings of te 
‘staan Rangeland Society 13th Bese Conference, 
‘ice Stings. 5 8 uy 2008 stan Rangelands 
Scie, elude, 2008, pp, 15-22. 

8. Gin, CL Redman, Uibon Eons. 7, 299 
(2005). 

4 tars V. Ro, Wo Bok Res Obs. 9,1 (2008, 


Intemational Center for Agila Research i the Dry 
‘eeas QCARDM), the interaiona Cops Research 
Insttte forthe Semi-Ari Tropics (CRSAD, and the 
United Nations Convention to Combat Desertification 
{UNCCO) Global Mechanism, Reme, Maly, 2004), 
Thomas eto, in Combeting Deetficotion: 
‘Sustainable Management of Marginal Drfonds 
‘GUMANAD) (UNESCO, Pars, Sia Kan, 2004), 

pp. 80-93. 

P. Debie, “Poverty and the Dryiands,” The United Nations 
Development Programme, Ofice to Combat 
Desertification and Drought (2000. 


SCIENCE VOL 316 


REVI 


SL D.S.G Thomas, Arid Enon. 37, 599 (1997) 
52 1. F. Reynolds in Eniopedio of Biodiversity, 5. Levin, 
4. Ucademic Pres, San Diega, A, 2000), vl 2, 

pp. 61-78, 

‘SM Hearmann, C.F, Hutchinson, 1 Aid Environ, 63, 
538 (2009) 

Dietz, E Ostrom, PC Stem, Science 302, 1907 
(2003), 

Y. Gm etal, Science 310, 987 (2005). 

UN. Exircment Progamime, “Deserts and Onfands” 
‘Our Planet 17, na. 1 2006); mom curplanetcom. 
Niamey Declaration, “From Desert to Oasis” Workshop, 
Niamey, Niger eptember 2006); ww oasiloba.net/ 
_srmpesium_fleiSeclraion him 

LX Kasperon, RE Kasperson, 8. L. Tune Il Regions 
‘ot Risk: Comparisons of Threatened Environments, UNL 
Studies on Critical Environmental Regions (Urited 
Natians Univ, Press, Tokyo, 1995) 

W.H, Schlesinger et ol, Science 247, 1043 (1990), 
‘A Warren, Trans. Inst. Be. Geogr. 20, 193 (1995). 

P. Mienaus, ML. Turner, in Global Desertification: 
‘Do Humons Couse Deserts, JF Reynolds, D, M Suflord 
‘Sith, E45 (Oatlem Un, Pres, Ben, 2002), 

pp. 135-148 

J. Puigdelabregas, Lond Deyrod. Dew 9,293 (1998 
FT. Maes) F Reynolds. HuberSanmald} Herc, 
1. A. Statler Seth, in Onnd Ecotyeeoogy, 
Dera, A oppor Eds. Ouwer,Dodredt, 
Nethetand, 2006, pp. 315-332. 


53. 


54, 


3s. 
56. 


37. 


se 


64. HG. Bohl, T.E. Downing, M. |. Wats, Globo Environ, 
‘Ghonge 4, 372994) 

65. HL Tomer thet 0, Proc, Not, Acad. Sci US.A, 100, 
8074 (2003) 

(66. MLK. Gantz, 5. Orly, Desertfict, Control Bul. 9, 
15 (1983), 

67. 1. E Downing, de frde 133, 363 (2002) 

(68. ML Leach, R Meas, Eds, The Le of the Land 


Challenging Received Wisdom on the Aco” 
Einooment (Heinemann, Portsmouth, NH, 1996). 
J.D. Sachs et ol, n Brookings Popers on Economic 
‘Aatity 1, W, Brainard, GL. Pery, Es. (Brookings 
Insttien, Washington, OC, 2008), pp, 117-240. 

H. Moos A. Aymalem, GeoJournol 19, 113 1989). 
5. Ake fol, in PRSP (Poverty Reduction Stotegy 
‘epers) Source Boo, |, Klan, Ed, (World Bank, 
‘Washington, DC, 2002), pp. 301-332. 
Pais, Mum, Ecol. 30, 155 (2002). 

MLB Lane, G. McDonald, J Environ. Plan. Manage, A 
709 (2005), 

C Rei, 1 Seoones, C touimin Es, Sustaining the Sot 
Indigenous Sil and Water Conservation in Aca 
(Eartscan Publications, London, 1996) 

Gilchrist, M. Mallory, F. Merkel, Ecol Soc. 10, 20, 
(2008); mw.eclegyandsociety.orgol OM Vart20. 

J. MLD, Tamer, P.Miemaus, Landscape Ecol. 17, 367 
ocr), 

.M, Safford Smith |. F. Reyna, in Globo! 
Desertification: De Humans Couse Desert? F. Reyna, 
1, M, Safford Smith, Eds. (Dablem Workshop Report 88, 
Dahle Univ. Pes. Bein, 2002, pp. 403-428, 

‘We acknowledge the participants and support stat ofthe 
188th Oablem workshop (Berlin, 2001), especialy the 
‘contbutions of W. Abel. Miernau, and. Vogel the 
‘concepts presented here. We thank L Mein IM. Ra, 
©. Wales, R Virginia, C. Voge, and Thomas for 
tcl reviens. DMS 5. supported by the Astalian 
‘Government Cooperative Research Centres Programme 
‘through the Desert Keowledge CRC and by CSIRO. 
Rts supported by research ard Humboldt- 
Ferschungipre’s (Mumtolt Foundation, Sonn) and the 
Department of Pant Ecology (University of Bayreuth 
‘AftDoet i funded bythe U.S. NS, Research 
(Coordination Networks (grant 0234186). 


7. 


‘Supporting Online Materiat 
se chencemag.orontenul/316'5826/847/001 
Bons S11 


sw. 1126 since 1131634 


11 MAY 2007 


awl 


851 


Galapagos 
Islands 


& ECUADOR 
Expedition 


July 21-30, 2007 


An outstanding introduction 
10 the Galapagos Islands, this 
1-day expedition offersan 
exceptional opportunity to 
become acquainted with the 


natural heritage of the 
Galapagos Islands, 
The Galapagos 


Islandsare one of = 
the easiest places in the 
world to seeand understand 
the process of evolution, the 
origin of life, and speciation 
The sheeramount of wildlife 
is breathtaking. Walk among 
nesting boobies, swim with se 
lions, see the famous Darwin's 
finches, and marine iguanas 
feeding offshore. You will 
havea nevertobe-forgotten 
experience! 

Travel for eight days in the 
Galapagos Islands, the cradle 
of evolutionary thought, 
aboard the MAW Island 
of the finest ve 
Galap 
twin shai 


For a detailed brochure, 
please call (800) 252-4910 


AAAS Travels 


PERU 


& the Incas 


July 29-August 8, 2007 


You are invited to join 
Dr. Douglas Sharon, an 
expert on Peru, on this 11-day 
expedition to explore the 
cultural heritage and scenic 
wonders of this Andean nation. 
Highlights of the wip include 
Cuzco and Machu Picchu, 
heart of the Inca Empire and 
one of the archaeological won 
ders of the world. You will also 
go flight: hove the 2000. 
vearold figures of butterflies, 
hummingbirds, anda condor 
at the Nazea Lines: see the step 
pyramids of Pachacamac 
and the fascinating museums 


u has been inhabited by 
people for atleast 12 
us rich cultural her 
Chavin to Moche, from Nazca 
to Inca, is revealed in their 
jewelry, pottery, weavings, 
architecture, and agricultural 
developments. The coastal 
lowlands have seen numerous 
cultures flourish, fade, and 
be assimilated in the next 
wave of man’s quest 

$3,695 twin share = air 


please call (800) 252-4910 


AAAS Travels 


17050 Montebello Road 
Cupertino, California 95014 
Email: AAASInfosbetchartexpeditions.com 


QL 


What can Science 
STKE give me? 


The definitive 
resource on cellular 
regulation 


STKE — Signal Transduction 
Knowledge Environment offers: 


* Aweekly electronic journal 

* Information management tools 

* Alab manual to help you organize 
yourresearch 

*= An interactive database of signaling, 
pathways 


'STKE gives you essential tots to power 
your understanding of cll signaling. Itis 
alsoa vibrant virtual community, where 
researchers from around the world come 
together to exchange information and 
ideas. For more information goto 


wo ste. ong 
To sign up today, visit promo.aaas.org 
stheas 


Sitewide accessis available for 
institutions. To find out more e-mail 


Imaging of Single Organic 
Molecules in Motion 


Masanori Koshino,’ Takatsugu Tanaka,” Niclas Solin, Kazutomo Suenaga,"** 


Hiroyuki Isobe,>*t Eiichi Nakamura*>* 


roe in Morse irging as fod 
Preeti i eof te 

fee ste bopeiocis 
(/), However, translating such advances to the 
sls of waflnwicade chen bes proves 
Ghalaging, For rpc compound, secec 
sroyie tnd ict cts have ely 


nics of si 


Rawr 


Fig. 1. (A) Molecules 2 to 4. (B) TEM image of 2 in a CNT. Scale bars indicate 1 nm. (C and D) Model of 2. in CNT 
‘and simulation of its micrograph. Hydrogen, white; boron, pink: and carbon, gray. (E) Molecular image and 
digitized image contrast ratio of 2 obtained by subtracting the background contrast from (B). (F) TEM image of 2 
sticking to a tube defect indicated by a red arrow (movie $3). (G) Experimental images of the intertwined 
hydrocarbon chains of 4 at consecutive times in seconds. (H and I) Models of 4 at 4.2 s and 6.3 5, respectively. 


furnished detailed time-resolved pictures of struc 
tural evolution averaged over lange ensembles 
(2). In principle, if small molecules could be 

an adequate field of view, trans 
mission eleetron microscopy (TEM) would offer 
sullicient resolving power to. me: 


confined wit 


dimensional structural dynamies 
molecule level. However, the assumed high 
sensitivity of hydrocarbons to damage by elec 
tron impact has discouraged previous exploration 
of this method (3-5), We report herein the ob- 
servation, with near-atomic resolution, by TEM of 
a single small organic molecule either at est oF 
translating within a singk-wall carbon nanotube 
(ND. 

We chose for this proo€otprinciple stuxly 
molecules 110 4, containing hydrocarbon chains 
covalently: attached 10 an ortho-carborane end 
ssroup [Fig 1A: CoByol hs. citea ea.) 
ameter} which serves asa 

teristic shape 


www.sciencemag.org 


As the molecular container, we chose a mix- 
ture of CNTs with diameters of 0.9 to 1.2 nm, 
from which we could combinatorially investigate 
size matching between the host and the 
The guest molcules were introduced by va 
ization at 160°C in vacuum iin CNTs that had 
been oxidatively perforated. Room-temperature 


TEM (120 kV, 24 A resolution) was applied with 
0.5-s electron irradiation imagin als, fo 
lowed by 1.6-s periods of charge-coupled device 
data readout time. 
The single-chain molecule 1 in 0.9-nm- 
neter CNT was entirely immobilized, and its 
il structure was clearly visualized (Fig. 
SL). Comparison of the experimental 
0.1 (SD) nm kength] with simulation 
(17 nm) indicated that the hydmcarbon chain 
adopts fully stretched conformation (Fig. 1,C and 
1D), The measured image contrast between the head 
‘and til structures wats 1:1.08 = 0.27 (SD) (Fi. 1E), 
Which agrees very wel with the 1.04 value obtained 
by simulation (fig SI). Electron energy loss spe 
troscopy (EELS) analysis supported the presence 
‘carborane (fig. $2). Mokxcules 2, 3, and 4 in namow 
CNTs were identified in a similar manner (fig. $1). 
Molecules 2 and 4 may be trapped in ca~ 
1.2nm-diameter CNTs, because one of their 
hydrocarhwon tails appears to stick to the CNT wall 
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(cg. the tail of 2 sticks at the position shown by 
the red arrow in Fig. 1F) and serves asa hinge for 
the thermal motion of the intertwined hydrocarbon 
chains. The sticking phenomenon is probably due 
1o interaction of the chain tenninus with a defoe= 
tive area, such as a hole or an oxidized portion of 
the CNT wall, Molecule 4 in Fig. 1G (models in 
1, Hand f; figs S4 and SS; and movies St 

tion in a stepping 
manner fiom one conformation (¢4.. at 0 $) t0 


another (6.3 s) wwice during the first 20 sand then 
Shificd 10 further different confor 


tions. aller 
trapped in 
CNTs translated back and 
forth without changing their molecular orienta- 
tions but with frequent stepwise speod changes 
fiom 0 (ic. sticking) to over 10 nis (igs, S6and 
'S7 and movie $3). The sticking may 
be reversible (movie $3), These re 
sults highlight the unanticipated utility 
of TEM for single-molecule chemical 
analysis relevant to fundamental reac 
tivity as well as to engincering appli- 
cations, such as tribology 
absorption and storage in 


ud gas 
activated 


eubon, 
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Pervasive Seismic Wave Reflectivity 
and Metasomatism of the Tonga 


Mantle Wedge 


‘Yingcai Zheng,* Thorne Lay,’* Megan P. Flanagan,” Quentin Williams* 


Subduction zones play critical roles in the recycling of oceanic lithosphere and the generation of 
continental crust. Seismic imaging can reveal structures associated with key dynamic processes 
‘occurring in the upper-mantle wedge above the sinking oceanic slab. Three-dimensional images of 


reflectn 


terfaces throughout the upper-mantle wedge above the subducting Tonga slab were 


obtained by migration of teleseismic recordings of underside P- and S-wave reflections, Laterally 
continuous weak reflectors with tens of kilometers of topography were detected at depths near 90, 
125, 200, 250, 300, 330, 390, 410, and 450 kilometers. P- and S-wave impedances decreased at the 
+330-kilometer and 450-kilometer reflectors, and S-wave impedance decreased near 200 kilometers 
in the vicinity of the slab and near 390 kilometers, just above the global 410-kilometer increase. 

The pervasive seismic reflectivity results from phase transitions and compositional zonation assodated 
with extensive metasomatism involving slab-derived fluids rising through the wedge. 


ipping oceanic lithosphere sinks at sub- 
Die ies i nna es 

‘of plate tectonics, The overlying mantle 
wedge becomes enriched in volatiles released 
from the descending slab, undenzoes localized 
partial melting and ascent of magmas to produce 
island or continental ares, and! experiences both 
slab-parallel and slab-pempendicular shear flows, 
fofien with back-are spreading duc to the sea 
\ward migration of the trench (7). Characterizing 
the structure and processes focated in the mantle 
wedge is essential for understanding the forma 
tion of continental crust, evolution of back-are 
basins, and volatile circulation in the mantle 
2), 

For the past 40 million years, the Pacific 
plate has been sinking at the Tonga subduction 
zone, the northern portion of which has the 
highest known rate of interplate convenzence 
«due to a combination of fast Puce plate motion 
and rapid back-are spreading of the Law Basin 
(2). The number of intermediate- and deep- 
focus earthquakes in the Tongs slaty is higher 
than in other subduction zones, an! the scismic- 
ity reveals slab buckling and contortions caused 
by resistance to sinking near the global 660-km- 
deep seismic discomtinuity, accentuated by inter= 
actions with lowermantle ow pattems (4) 
Seismicity also occurs outside of the Tonga stabs 
at depths below S00 km, in what appear to be 
remnant slab picces from earlier subduction 
zones with different weometries (5), resulting in 
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8 broad horizental distribution of deep-focus 
wthquakes 

Investigations of the structure of the man- 

tle wedge above the Tonga slab have mainly 
used sparse scismic instrument deployments 
along the island ase and across the Lau Basin to 
image volumetric P- and S-wave velox 
tions (6, 7), Powave attenuation (8), upper- 
mantle S-wave velocity discontinuities inferred 
from converted wave analyses (9, 10), and S- 
wave splitting patterns (//) The data coverage 
is limited, resolving structure only along a 
couple of wo-timensional (2D) profiles. par- 
allel and perpendicular to the are. The mantle 
wedge appears to be structurally complex 
(requiring a 3D characterization) but, as is true 
for other island-are regions, itis prohibitively 
expensive to deploy large numbers of portable 
We devel- 
oped a 3D model of P- and S-wave reflect 
ierfaces throughout the Tonga mantle wedge 
using signals from deep Tonga slab carth- 
quakes recorded at telescismic global 
stations. The startling extent of seismic reflee- 
livity that we discovered allowed us to place 
constraints on petrological and dynamical 
phenomena in the weds 
Seismic data analysis. Scismic wave inves 
tigations tend to focus on either the “smooth 
‘components of internal Earth structure (such as 
volumetric velocity heterogeneity), which are 
best resolved by seismic tomography, or the 
“rough” components (involving strong gra 
ients or discontinuities in material properties). 
which are best resolved by the stacking of 
reflected or converted arivals. Most mantle- 
Wedge studies have addressed smooth compo- 
nents of the structure, revealing broad patterns 
associated with thermal heterogeneity in the 
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slab and wedge (J2), but some have resolved 
the reflectivity of limited locations or sections 
of mantle wedges (9, 10, 13, 14), One strategy 
for detecting reflecting structures in the wedge 
involves the analysis of initially up-going 
energy from deep-focus events that reflects 
downward from the underside of mantle dis- 
continuities to eventually be observed at t 
1), This geometry 
provides high lateral spatial resolution of 
structure near the souree. This strategy has 
previously been applied to individual events 
(5-18), but we exploited the abundant, wide 
spread deep scismicity beneath the Tonya 
mantle wedge and the global distribution of 
broadband secismographie stations operated by 
the Federation of Digital Seismic Networks 
regional networks, and EarthScope Transport- 
able Array to generalize it into a rmultiple-event 
truc-amplitude 3D waveficld migration, stack- 
ing signals to determine reflector positions a 
depth, Essentially, we tumed standard reflection 
# upside down, using deep sources and 
image a gridded rep- 
resentation of the seismic reflectivity. in 
mantle wedge betwo e depths and 
Earth's surface above them, 

Basic processing steps (/9) involved (i) de- 
convolution of the instrument responses: (i) 
deconvolution of the stacked down-going P- or 
horizontally polarized Savave (SH) displace- 
‘ment souree wayelet from the waveform interval 
‘precursory to and including the up-zoing depth- 
phase surface reflections (p? and sSH, where 
77isthe up-going P wave fram the earthquake 10 
the reflector and s is the up-going S-wave); and 
then (i) convolution with Ricker wavelets that 
had central frequencies of 0.06 Hz (P) and 0.05 
Hz (SH). Each signal was normalized by the 
strength of the reference P or S phase, reflected 
fiom Eanh’s surfice above the source (p? or 
SSH) to climinate variations in source strength. 
Comections. were made for path sampling, we- 
ometric spreading from the source 10 the 
reflector, and radiation-pattern variations. be- 


seismic distances ( 


tween the path to the reflector and the referen 
phase. We constrained the illuminated region 10 
be in the ‘of the geometrical ray path 10 


avoid lane radiation-pattem corrections; this 
intrinsically favors the imaging of near-horizontal 
structures, The normalization of the images by 
illumination factors and the summing of kcal dip- 
angle domain images achieved stable amplitude 
‘balanced migrations (/9). 

‘The imaging domain extended from 1 
25S, 175%E to 185°E, and from the: 
depth of $00 km, discretized in 0.1° latitude 
am depth incre 
nent teleseismic 
Pavave seismograms fiom 85 deep (400 km) 
ceanhquakes with magnitudes larger than 5.0 that 
‘eccurted between 1988 and 2006 were used, with 
any signals having weak pP arrivals bei 
excluded, Stations at epicentral ranges fromm 40) 
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to 140° were used. About 3100 SHavave seis 
miograms from 99 dep earthquakes were used, 
excluding any signals with weak SH arrivals. 
‘The image domain above a given source 
is an expanding cone, with overlapping paths 
from multiple events providing the redundant 
sampling needed for stable migration (Fig. 2 
and fig. S1). The distribution of teleseismic sta- 


tions relative to the source region is non-uniform, 
With concentrations at azimuths to North Amer- 
ica and to Eurasia, Thus, the imaging domain 
|was not uniformly sampled, but the illumination- 
factor normalization balanced the migration 

nages proportionately, although we applied a 
threshold 0 that regions of very limited path 
overage were not overly enhanced. 


Fig. 2. Schematic of the Tonga mantle wedge imaging geometry. Deep-focus earthquakes within the 
‘subducted Pacific plate in the Tonga subduction zone radiate up-going energy that reflects from the 
underside of Earth’s surface (pP) or the underside of velocity contrasts at depth d above the sources (paP) 
and then travels to teleseismic distances. The pgP arrivals are precursors to the surface reflections. The 
inset shows ray paths for pyP and pP to a teleseismic distance of 80°. Data from stations in the range 
from 40° to 140° were used for imaging the wedge. An example of a vertical-component seismogram is. 
shown on the lower right, with energy between P and pP mainly caused by underside reflections, which 
arrive as precursors to pP. EO, earthquake; PcP, down-going P wave that reflected from the core-mantle 
boundary. 
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Fig. 2. Map showing earthquake locations (black crosses) and underside geometrical reflection 
points (green dots) (A) at 410 km, pexoP and (B) at the free surface, pP. The positions of the Tonga 
‘and New Hebrides trenches are shown in red. The 400-km and 600-km depth contours for the top of 
the Tonga slab are indicated by the labeled blue and gray lines, respectively. The image volume 
‘expands upward toward the surface, with the pP surface-reflection points defining the maximum 
lateral extent of coverage. The locations of the vertical cross sections shown in Figs. 3 and 4 are 
indicated in (A). 
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Sourwe depths were taken fiom a catalog of 
relocated hypocenters that includes depth phases 
20) 06, for events in 2006, from moment tensor 
inversions. Random perturbations of the sour 
depihs by up to 20 km did not have an impor- 
tant effect on the final migration images. The 
reference velocity model that we used for the 
inversions was the ID model fiom the Intema- 
tional Association of Seismology and Physics of 
the Earth's Interior (IASP91) (21), Minor distor- 
tions of the reflectors could occur because of 
neglect of the 3D volumetric velocity heteroge- 
reity, but no high-resolution P- and S-wave 
tomographic models spanning the volume of 
four image are available for use in the m 
tions. This led us 1 emphasize frequencies 
below 0.1 Hz, s0 that travel-time decorrelation 
‘was not a problem (fig. $2). This: bandwidth 
Timited the resolution of the sharpness of the 
reflectors, but it also ensured that coherent 
signals tacked to give meaningful images (figs 
'S3 and S4), The use of multiple events. with 
different focal mechanisms reduces down-going 
conversions and suppresses reveiver-side effects 
to a great extent. 

Confidence bounds on the images. were 
cstablished by performing 200, bootstrap iter- 
ations, retaining the sume event distribution and 
total number of traces, while re-sampling the 
scismogram population. The final images shown 
ate the averaged maxdels, with the color hues 
saturated for highly resolved (97% contidence) 
features stronger than 3 SD above background 
and fading to white for poorly resolved features 

1 SD above background (lig. SS). 

Pand SH reflectivity. The migration yiekled 
3D reflectivity structures with associated vari= 
‘nice estimates: that ate difficult to display’ in 
their entirety, so several 2D_ cross-sectional 
images are shown (Fig. 3 shows sections mainly 
along the trend of the Tonga slaty; Fig. 4 shows 
cast-west sections through the most densel 
nage volume. 
2) These images convey the 
of the 3D structure (additional 
«ross sections are presented in figs. S6 and S¥ t0 
S10), The color scale in Figs. 3 and 4 indicates 
the strength and si reflected amplitude 
at each position, relative to the surface refh 
tion, with color saturation decreasing proportion- 
al 10 the number of standard deviations above 
the moise level. Weak features that are likely 10 
be artifvets are suppressed by this weighting (lig. 
'S5). Because the reference phases were aligned 
to peak at the free surface, there isa (very satu- 
rated) blue stripe right at the surface, under 
bby a broader red band that is an artifact caused 
by the side lobe of the Ricker wavelet, This 
negative side lobe has an amplitude that is ~402% 
of that of the positive surface-reflection peak, 
obscuring any reflectivity above 70 km, such as 
Underside reflections from the enust-mantle bound 
ary. The higher velocity of P waves causes the 
side lobe to broaden more in the P images than 
in the SH images. Weak side lobes are also ex- 
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pected 10 be present above and below strong 
arrivals at greater depths. 

‘The reflectivity in the image volume is 
dominated by quasi-horizontal reflecting sur 
faces (steeply dipping interfaces. such as the 
Uupper boundary of the slab, could not be 
imaged because of a kick of stations at small 
epicentral distances), with strong blue features 
corresponding to P- or SH-impedance in- 
creases with increasing depth and strong. red 
features corresponding to P- o SHimpedance 


Fig. 3. (A) Porave and 
(B) SH-wave profiles 
along vertical section C 
to C (Fig. 2) through the 
migration volumes. The 
period of the Ricker 
wavelet applied to the 
data is 16 s for P and 
20 s for SH. Blue indi- 
‘ates postive impedance 
contrast with increasing 
depth, whereas red in- 
dicates negative im 
pedance contrasts with 
increasing depth. The 
«olor hues are saturated 
for features >3 SD Go) 
above the background 
level and fade to white 
for features <1 SD 
above the background. 
The strong blue and red 
stripes near the surface 
‘are the images of the pP- 
and sSH surface reflec- 


decreases with increasing depth. Lateral dis- 
ruptions of the reflectors at lange depths occur 
in poorly sampled regions. underlain by few or 
no deep earthquakes, but spatial coverage 
expands upward from the deep sources, so 
‘that any lateral continuity is best resolved at 
shallower depths. 

The immediate dominant attribute of the 
images is that there is extensive P and SH re- 
feetivity in the Tonga mantle wedge, with 
extensive lateral continuity, The overall comels- 


0.03 


tions, The upper surface of the subducting Pacific plate is indicated by the gray facade. The deep-ocus 
‘earthquake hypocenters are shown by green dots, Lat, latitude; Lon, longitude; deg, degrees. 


Fig. 4. Vertical west- 
‘east profiles in the (A 
and B) Pavave migra- 
tion volume and (C and 
D) the SH-wave migra 
tion volume along pro- 
files A to A’ (Fig. 2) at 
18° (A) and (C)] and 
B to at 21°5 (8) and 
(0)}. The period of the 
Ricker wavelet applied 
to the data is 16 s for P 
and 20 5 for SH. Color 
scales correspond to 
those in Fig. 3. The 
strong blue and red 
stripes near the surface 
are the images of the 
pP and sSH surface 
reflections. The upper 
surface of the subduct- 
ing Pacific plate is indi- 
cated by the gray 
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tion coefficient between all of the P and SH 
mages is low (with an absolute value of <0.13), 
but variable illumination and resolution of the 
sinuctures. must be considered, Some features 
comelate well, whereas others have the opposite 
sign or no comelation, Specifically, the P- and 
‘SHewave images consistently show positive 
reflectors near depths from 75 0 100 km (we 
refer to this as the “90-km’” feature), 300 km, 
and 410 km, Negative P and SH reflectors ane 
seen near 330 and 450 km. In the eastem part of | 
the wedge, a P reflector near 125 km is nega- 
tive, but an SH reflector is positive. In addition, 
there is a positive P reflector near 200 km, a 
companied by a weak positive SH reflector fir 
away from the slab and a strong negative SH 
reflector near the slab, There isa patchy positive 
P reflector near 250 km with little SH reflec- 
tivity, and there is a negative SH reflector near 
390 kin with lithe P retlectivity. For both 7 and 
waves, the 410-km reflector becomes mote 
shallow by tens of kilometers in the vicinity of | 
the subdlucting slab (Fig. 4 and fig. S6), Other 
‘boundaries appear to have variable topography 
and lateral disruptions. In all cases, the apparent 
depths and apparent topography are probably 
biased by the use of a laterally homogencous 
1D background model for the migrations, 
other intermitient features awe seen in the 
images, but we believe that our data set robustly 
resolves only the structures noted above, 

Some of the reflectivity features in the 
‘Tonga wedge correspond to structures detected 
in other regions. The strong positive 
reflections and weak positive P reflect 
from near 90 km may represent the Hales 
discontinuity (22, 23), The positive 7 reflector 
near 200 km may correspond 10 a feature 
commonly found under continental regio 


facade. The deep-focus earthquake hypocenters are shown by green dots. The intermittence in the reflectors may be due to non-uniform ray path sampling. 
{In many instances, the reflectors extend to the westward edge of our field of illumination. 
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(22, 24, 25) but also seen in back-are (23) and 
‘oceanic (26) regions. The velocity increase 
near 300 kin observed near 21°S (profile B to 
B’ in Fig. 4) has been seen in some back-arc 
and oceanic regions (23, 27), and a weak 
increase near this depth has been reported 
‘along the Tonga are (22) and in a 2D profile 
across our image volume near I8°S latitude 
(10). The sharp drop in velocity just above the 
410km inerease that we find in SH images has 
been detected under continents (28, 29). The 
410-km increase is observed globally and 
regionally (J7, 22, 30), and we consistently 
‘observe this in regions where the deep-focus 
‘events are concentrated and the up-going phases 
sample this depth range well. 

Thermal and petrological interpretations. 

The notion of a simple homogencous upper 
mantle comer-flow regime dominated by tem 
perature variations relative to the shib, as 
ly invoked in textbook cartoons of 
imantle-wedge processes, is elearly inadequate 
‘The rough structure in the Tonga mantle wedge 
requires multiple reflecting contrasts in mate- 
rial properties in the wedge that need dynam- 
ical and petrological explanations. The bands 
‘of reflectivity in our images are not artifacts of 
wavelet side lobes oF other processing effects, 
but they emerge from the extensive stacking of 
signals from different source depths and. loca 
tions, Therefore, we believe they represent trie 
structures albeit ones that are possibly unigue 1 
this back-are environment. Although comer 
flow and upwellings under the are and back~ 
are basin must involve themral heterogeneity, 
this retletivity requires processes that sharpen 
the gradients in structure enough to reflect 
seismic waves, and this suggests petrological 
effects involving compositional differences. 
phase changes, partial melt, oF anisotropic 
fabrics. 
Sundard Earth models predict relatively 
le upper-mantle reflectivity between 50 
and $00-km: A velocity decrease is some- 
times observed at the top of a low-velocity 
zone (the so-called Gutenberg discontinuity 
found near 63 km depth under oceanic re 
sions), a 220-km velocity inerease is primarily 
associated With continental regions, and the 
410-km increase is typically interpreted as the 
ooivine-to-wadsleyite (fephase) transformation 
in (Mg,Fe),SiO4. Relatively simple upper- 
mantle structures of this type are at odds with 
the observation of additional discontinuities 
in many regions (22, 23, 37), 

‘The geochemical characteristics of the Lau 
lex and provide possible 
(of some of the seismic 
ing in this region. In particular, both 
sediment-lerived melts (32) and pervasive 
slab-derived Nuids appear to have altered this 
region (33). When coupled with the observation 
that hyctrous silica-rieh mets may be critically 
important in the subare mantle (34), the 
possible phase transitions and compositional 
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zonation that might occur within a heavily 
‘metasomatized mantle emerge as potential 
explanations for the seismically layered Tonga 
mantle wedge. With the rapid eastward rollback 
‘of the trench in this region and the exposure of 
this region to subduction from the former 
Vitiaz slab (5), pervasive metasomatism is 
expected throughout the entire region of our 
study. Metasomatically associated mineral- 
‘ogic Variations and transitions are thus con- 
sistent with the extended lateral continuity of 
the velocity contrasts we observed (Fig. 4) 
The spatial distribution of mineralogic hetera- 
xgencity associated with metasomatic alteration 
in the wedge is likely to be complex: Silica 
enrichment can occur through reactions be- 
tween ascending liguids and ambient mantle 
(35), residue from solidified melts could be ad- 
Yeeted downward by camer flow, and lenses of 
mineralogic heterogencities could be generated 
(36), In this context, mineralogic components 
‘that can proxluce detectable seismic contrasts 
(even in small abundance) include albite and 
silica, cach of which undergoes phase transi- 
tions with lange changes in elastic properties. 
‘The former is the dominant component of the 
trondhjemitic magmas that are likely to be 
derived from the slab (34), If these magmas 
react with the wedge, they can generate sodic 
amphibole and highly Mg-rich pyroxene; if 
they are spatially localized, they can give rise 0 
veins of sodic metasomatic minerals. At ~2.$ 
GPa and 1000°C, albite decomposes to jadeite 
and quartz (37), with an increase in velocity 
atthe transitions of -23 and ~29% in P- and 
S-wave velocity. respectively (38). Accond- 
i ove ey volar of aie igor 
is present, seismic velocity increases of -2% 
in P-wave velocity and ~3% in S-wave 
velocity should occur near 80 km depth 
(calculated using a Reuss average and assum 
ing equal temperature dependences of the 
elasticity of cach phase). 

The Key point is that modest quantities of 
minerals wath phase transitions associated with 
‘major changes in elasticity can produce weak 
‘but resolvable scismic discontinuities, and a 
heavily altered mantle wedge is certainly miner- 
alogically complex. Free silica could be gen- 
crated in and subsequently advected throughout 
the wedge by basaltic liquid emplaced at depth 
and crystallizing as eclogite, by silica veining 
associated with aqueous Mluids, oF by erystalli- 
zation of trapped silica-rich magmas (such as 
‘trondhjemites) at depth. Not only can free silica 
‘generate a discontinuity near 90 km depth as- 
sociated with the quartz-coesite transition, but 
several percent of silica can generate P- and 
‘S-impedance increases of a few percent near 
300 km depth, as a result of the coesite- 
stishovite phase transition (27). Another type 
of mechanism, the reaction of forsterite and 
periclase to anhydrous phase B (which i 
volves the depletion of silica), may be an 
altemative explanation for discontinuities in 


the 275- to 300-km depth range (39). The 
presence of SiO> would decrease the V/V 
ratio (where Vp is P-wave velocity and 1 
is S-wave velocity), so a detailed Vy/V, 10- 
mographic map might help to distinguish 
between these explanations, A recent to- 
mographic study (7) showed large decreases 
(0.1) in the Vy/V ratio in the depth range 
of 250 to 350 km beneath the Lau spreading 
emer. This could indicate that fre SiO, is 
indoed present. 

‘The positive velocity contrast near 200 km 
depth may similarly be associated with the in- 
teraction of slab-derived siliceous melts. with 
the mantle wedge: Such melts may equilibrate 
‘with normal mantle to form Mg-rich orthopy- 
rwxene (34-36), a phase known to undergo a 
ransition near this depth to a high-pressure 
clinopyroxene structure, In this instance, an 
-20P% abundance of orthopyroxene would 
probably be required to generate a velocity 
contrast of 1 to 2% (40). However, abundances 
of orthopyroxene of near 40% have been 
observed in metasomatized xenoliths from the 
mantle wedge underlying the Kamehatka are 
GS), ‘The lateral variation in the sign of S 
reflectivity near this depth might require a 
Hlow-induced change in the anisotropic fabric, 
possibly a transition from horizontal inflow to 
slab-parallel downwelling. 

The velocity decrease near 330 km depth is 
rncar the final depth at which water is antici 
rated 10 be released from the basaltic ens, ts 
defined by the high-pressure stability limit of 
phengite (42), This decrease may accordingly 
define the lower limit of metasomatism and 
melting (and thus sitica enrichment and veining 
sand basalt liquid generation) within the mantle 
‘wedge. Stishovite, the stable fom of silica at 
these depths, is ~30% faster than olivine in S- 
wave velocity and almost 40% faster in P-wave 
velocity: A lack of this phase below this depth 
{and a few percent above it) could generate this 
decrease in velocity. Although P-and S-velocities 
sare positively correlated for some features such 
a the 90-km and 410-km reflectors, the possible 
range of causes for the structures. that we 
observed does not dictate that they need to be 
strongly correlated overall, As data accumulate, 
improved resolution of the reflectivity will be 
possible 

If mafic melts do become negatively buoyant 
\within the deep upper mantle (42), then, depend- 
ing on their precise chemistry, some melts could 
descend to above the 410-km-deep olivine-t0- 
‘wadsleyite transition and produce a thin melt 
layer, manifested by a sharp SH-velocity redue- 
tion near 390 km. The observed velocity reduc 
tion near 450 km is probably influenced by side 
lobes of the strong 410-km reflection, but it ap- 
pears to be too strong to be completely attributed 
to these lobes. No obvious petrological com- 
plexity is anticipated at this depth, but this region 
may be strongly perturbed by the relic Vitinz slaty 
remnant, part of which overlies the Tonga slab. 
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Fig. 5. Schematic cartoon of the Tonga mantle wedge environment above the subducting Tonga 
slab, highlighting the reflectivity detected in the P and SH migrations in Figs. 3 and 4. The overall 
concept is that extensive fluid expulsion has permeated the wedge environment with Sirich melts 
and fluids. Fluid expulsion from the slab and possibly from relic pieces of the Vitiaz slab is 
‘concentrated at depths near 100 and 325 km. Phase changes in the Si contribute to the reflectivity 
near 90 and 300 km. The accumulation of silicate melt in a thin layer above the 410-km reflector 
may have origins in fluid accumulation, and partial melting in the transition zone associated with 
the perturbed region above the Vitiaz slab may cause reflectivity near 450 km. SL, sea level: AVp, 
P-wave velocity contrast; AV, S-wave velocity contrast. 


Fluid expulsion from the slab remnant couk 
possibly lower the velocities or even cause partial 
melting, 

Conclusions. Seismic reflectivity in the 
mantle wedge between $0 and $00 km was 
‘observed to be widespread, and it inspired the 
creation of a model of an extensively metaso- 
matized region permeated by Mids from the 
subducted slab (Fig. S). Given that the wedge is 
expected to have a complex comer flow, in- 
cluding slab-parallel transport associated with 
the fan-shaped back-are spreading of the Lau 
Basin and slaty and trench roll-back, we think it 
is unlikely that the reflectivity involves strong 
compositional stratification. Because phase 
changes of minor components, such as numecr- 
‘ous SiOzrich veins, can have strong effects on 
seismic wave velocities, we believe that fuids 
{and their residues) play a paramount roke in 
both partial melting and the development of the 


yomsciencemag.orq 


chemical complexity and silica enrichment of 
the wedge. Shear flows may accentuate the 
reflectivity by the development of gradients in 
anisotropic properties. Progress in understanding 
this very complex environment will require 
simultancous consideration of the rough and 
smooth properties of the medium and not just 
refined tomographic images 
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Hematopoietic stem cells in the bone marrow give rise to lymphoid progenitors, which 
‘subsequently differentiate into 6 and T lymphocytes. Here we show that the proto-oncogene LRF 
plays an essential role in the B versus T lymphoid cell-fate decision. We demonstrate that LRF is key 
for instructing early lymphoid progenitors in mice to develop into B lineage cells by repressing T 
cell-instructive signals produced by the cellfate signal protein, Notch. We propose a new model 


for lymphoid lineage commitment, in w! 
determination of B versus T lineage. 


HL hematopoietic cells are generated 
from a small subsct of pluripotent 
tem cells (HSCs) via lineage-restricted 


ws, In adult mice, HSCs reside in 
marrow (BM) and give rise to 
Iymphoid-restricted progenitors (2), which 
subsequently develop into Band T lympho- 
cytes in the BM and thymus, respectively, This 
developmental process is coordinated by the 
expression of distinet sets of genes at specific 
differentiation stages. Akhough some of the 
transcriptional regulators that play key roles in 
arly stages of Iymphoeyte development are 
known 2, 3), the precise molecular mecha 
nisms by which Iymphokl-restricted. progeni- 
tors are instructed toward B or T cell fates are 
still undefined 
‘The proto-oncogene LRF (4), encoded by 
the Zhrh7a gene, [formerly known as Poke- 
‘mont (3) an also described as FBI-1 (6) and 
OCZF (7)) is. transcriptional repressor that 
belongs to the POK (POZ/BTB and Krippel) 
protein family. Promyclocytic leukemia zine 
finger (PLZF) and B cell lymphoma 6 
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LRF acts as a master regulator of the cell's 


(BCL6), two members of the POK family 
are involved in chromosomal transh 
tions associated with acute promyelocytic 
Ieukemia (APL) and non-Hodgkin's tyn 
phoma (NHL), respectively (8, 9), In a si 
lar manner, we recently reported that LRF 
plays a pivotal proto-oncogenic role and is 
highly expressed in human NHL tissues (5), 
Emerging experimental evidence indicates 
that the POK family is indispensable for 
normal hematopoiesis and immune system 
developments (9-12). BCL6 has been shown 
to be essential for germinal center (GC) 
formation and for T helper type 2 (Ty2) it 
flammatory responses (9), More recently, 
‘wo independent groups reported that a close 

omolog of LAF (Ti-POK, also known as 
cKrox or Zbth7) is a master regulator of 
D4" CDS" (CD48) T cell lineage specifi- 
cation (/1, 12). 

Given that LRF is broadly expressed in 
mukiple hematopoietic lineages (fig. S2A), 
especially in the GC B cells (5), forms 
complexes with BCL6 (4) and is highly 
expressed in human NHL tissues, we hypothe- 
sized that this gene could play a key role in B 
cell development. We therefore investigated 
both fetal and adult lymphopoics’s using LRF 
‘gene deletion in mice 

B cell development. Deletion of the Zhzb7a 
in mouse was carried out with a con- 
Ventional gene knockout approach (fig. SI. 
A and B). Although we did not observe a 
gross defect in the heterozygous mutant, 
homozygous deletion of the Zhtb7a gene 
(Zhtb7a-") resulted in embryonic lethality 
around 16.5 days post coitum (DPC) b 
cause of severe anemia. Examination of B 
Iymphopoiesis in 14.5 DPC fetal livers (FLs) 
from Zieh7a°~ mice revealed a reduction in the 
total number of CD19°B220" B cells (Fig. 1A), 
This was mainly due to reduction of B cells 
afier the pro-B stage of differentiation. Atso- 
Jute numbers of the earliest B cell precursors 


(Li AA4.1°CDIFB220°) were comparable 10 
those of wiklype (WT) literate controls, where- 
as total numbers of Lin”AA4.1°CD19°B220" 
and Lin AA4.1CD19°B220" B cells were 
markedly decreased in Zhvh7a~ Ls (Fig 
1A, right), Hematopoietic stem cell (HSC) 
and common lymphoid progenitor (CLP) 
populations were intact in Zhih7q~~ Ls 
(fig, S2B), 

Pro-B cells can be propagated in vitro on 
OP9 stromal cell layers in the presence of 
interleukin 7 (IL-7) and FI ligand (13), 
Substantial numbers of pro-B cells could be 
propagated from Zbtb7a"* fetal liver HSCs 
(FLAISCs), but Zbb7a~~ pro-B cells were 
barely detectable (Fig. 1B), which indicated 
a cell-autonomous defect in early B cell de 
elopment. In contrast, Zhub7a-”~ FL-HSC: 
retained their capacity for T cell develop- 
ment with Zhib7a”~ FL-ISCs successtully 
giving rise to Tells in vitro, after culture on 
OP9-DLI stromal cells overexpressing. the 
Notch ligand Delta-like 1 (/4) (lig. S2C), To 
further investigate the defect in early B cell 
development in Zorh7a"” FLs, we performed 
BM competitive repopulation assays (/5). 
Thus, Zbrb7a"" and Zhrb7a~ FL cells 
‘were transplanted separately into lethally ir- 
radiated recipient mice along with WT BM 
cells from a congenic strain expressing the 
CD4S.1 antigen (Hig. S3A, lefi), In these ex- 
periments, Zhih7a"* FL cells successfully 
gave rise 10 peripheral blood (PB) B cells in 
the recipients; however, Zhih7a~~ FL 
derived B cells were virtually undetectable 
(lig. S3A, right) 

The rake of LRF in adult lymphopoiesis was 
next explored by using conditional deletion of | 
the Zhvb7a gene (fig. Si, C and D), Mel-Cre 
transgenic mice were used. in which Crerecom- 
binase is induced in HSCs by administering 
polyinosinic-polyeytidytic acid (plpC) (16). A 
series of double-mutant mice were treated with 
pipC at 3 weeks of age as previously described 
(Fiz. IC, left) (16), and peripheral blood was 
analyzed at 2-week intervals. Afier plpC 
{rcatment, a significant decline of white blood 
«cell (WBC) counts in the Zhth 72h Bi"F I Mere 
ice was observed (Fig. 1C), primarily due to a 
considerable reduction in circulating B20" B 
cells, whereas T cell numbers remained similar 
to those of controls (Fig. 1C). 

Like the defect seen in Zbih7a~ mice 
(Fig, 1A), B call development in the BM of 
Dab7g Mtoe rice was severely impaired 
(Fig. 1D). Thus, pro-B, pre-B, and immuno- 
lobulin eM” B cells were drastically reduced, 
‘whereas absolute numbers of the prepro-B cells 
(ig. S3B) (17) were inewased in the plpC- 
tueated Zhib7a" Mtoe BM (Fig. 1, D and 
F). OF noe, LRF mRNA expression in the 
plpC-treated Zinh7a"* MAP repro cells 
‘was essentially undetectable, as revealed by 
quantitative wal-time fluorescence polymerase 
chain reaction assays (QPCR) (fig. $3C). 
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Fig. 1. LRF is indispensable for both fetal and adult B lymphopoiesis, (A) 
On 14.5 DPC, FL cells were stained with fluorachrome-conjugated 
antibodies against 8220, CD19, AA4.1, and lineage markers. (Left) 
Representative profiles made by fluorescence-activated cell sorting 
(FACS) of the Zbtb7a"* and Zbtb7a~~ FL cells. Total numbers of FL 
mononuclear cells were counted, and absolute number of B cells in each 
developmental stage was calculated. Average cell numbers of three 
independent embryos for each genotype are presented (SD), (B) The 
14,5 DPC FL-HSCs (Lin"Sca1*cKit") were cultured on OP9 stromal cell 
layers in the presence of IL-7 and Fit3 ligand. After 10 days of culture, 
cells were isolated and analyzed by FACS. (C) (Left) Schematic 
representations of mouse breeding strategy for conditional LRF knockout 
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experiments, (Right) Follow-up of the PB counts after plpC (or phosphate- 
‘buffered saline) injections over time. Four groups of mice were examined 
‘according to genotype and treatment. WBC counts in the PB were mea- 
sured by a hematology analyzer, and total numbers of B and T cells were 
subsequently calculated based on the percent positive cells having B220 
‘and CD4/8 expression, respectively. The average cell count of five animals 
‘was plotted on each time point with error bars (SD). (D) BM cells were 
stained with fluorochvome-<conjugated antibodies against 8220, CD19, IgM, 
‘CD43, and lineage markers (27) 1 month after the last plpC injection, 
Representative FACS profiles for each genotype are shown. (E) Absolute cell 
‘number of each population was calaulated according to FACS profes. Black 
‘horizontal bars represent mean cell counts among five animals, 
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Fig. 2 stati DPT cl dewlopment nthe Bi te LF os. (Ty 
cells were analyzed 1 month after plpC injection. (Left) Representative FACS 

profiles for each genotype. (Right) Proportions of CD4/@ DN, CD4/8 DP, CD4 
single-positve (CD4SP) and CDB_single-positive (CO8SP) populations were 
‘examined, and the DN fraction was further stratified according to CD44 and 
C25 expression. Three mice were analyzed for each genotype. (B) BINS were 
‘analyzed for CD4/8 expression 1 month after plpC treatment. (Left Representative 
FACS profiles for each genotype. (Right Average percentage positive of thee mice 
foreach genotype is demonstrated (45D). (© (Top) immunofiuorescent analysis of 
D3 and PU. expression in BM sections. Bottom) Immunohistochemical analysés of 
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cell and 8 cell markers (CO3 and PaxS, respectively) in BM sections 1 month after 
‘pipC treatment. (D) Either Zbib7d"* M22" or Zbebi7d* MA" donar BMMINGS 
(452°) were transplanted into lethal radiated recipient mice (CD45.1"), After 
eget rc mx eet ce BANMANCS were then 
collected and analyaed 2 weeks after the a plpC administration Representative 
FACS profes are presented. (E)Zbth7d"* °° donor BNWMNCS (CD45.2") were 
transplanted into lethally iradiated recipient nude mice. Two weeks after 
‘transplantation, mice were treated with either plpC or phosphate-buffered saline. 
Recipients’ BNMINCS were harvested and subsequently analyzed 10 days aftr the 
last plpC administration. Representative BM FACS profiles are presented, 
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LAF ++) the Rag recombinases, and te citical transcription factors in early B cell development. mRNA expression 
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fo Gi nd S06 proche poctad pene cs Bt gophers uated pon 


\ ‘expression level over corresponding heat shock protein Hsp90 protein level. (C) QPCR analysis of Notch 
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Fig. 4. LRF opposes Notch pathways at the HSC and CLP stage. (A) BM HSCs 
and CLPs were flow-sorted from plpC-treated animals 1 month after the last plpC 
injection. QPCR analyses were performed as described in Fig. 3A. (B) In vivo GSI 
treatment rescued aberrant ince in LRF conditional KO mice. 
Either Zexp7dier Maer nore es BNMINCs (CD45.2") were 
aspartate repent mice (CD45) as descr nF. 
2D. Mice were subsequent treated with plpC. Either GI or vehicle alone (as a 
‘control was orally administered as described in (15). Recipients’ BMMINCs were 
‘collected and analyzed 3 weeks after the last plpC administration. (C) RNA was 
‘extracted from flow-sorted pro-B cells, and QPCR analysis was subsequently 
performed as described in Fig. 3A. 
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Furthermore, proportions of the HSCs and CLP 
Were not grossly affected in the plpC-eated 
Znb7d' MI nice (tig. SSD), although 
absolute numbers of their HSCs and CLPs were 
slightly increased as compared with control 
mice (Vig. S3E), 

Extrathymic T cell development. Both T 
and B cells share their origins with a CLP (/). 
However, we did not observe a gross detct 
in the T coll compartment in plpC-areated 
Zinbrabo Mstere™ thymus (Fig. 2A) Ale 
though a slight decrease was observed in 
double-negative 3 (CD4CDS'CD4¥ CD25" 
‘or DN3) and CD4'CD¥ CD44 CD25 (DN4) 
thymwoeyte populations, the proportions of 
CDA single-positive (CD4-SP), CDS-SP, and 
CD48 double-positive (DP) T cells were 
comparable 10 those of control mice (Fig. 
2A). Unexpectedly however, an accumulation 
‘of extrathymic DP T cells in the BM of pipC- 
treated Zhth7aho’ Melerer mice was detectad 
(Fig. 2B) that made up nearly 30% of the 
BM mononuclear cells (BMMNCs) 1 month 
afer pipC treatment (Fig. 2B). Immuno- 
histochemical and/or fluorescent analyses fur- 
ther demonstrated that CD3"" DPT cells 
accumulated in the BM of Zbih7ahme™ Meters 
mice (Fig, 2C), These extrathymic BM DPT 
cells were polyclonal in origin, as revealed 
by Dpl-to-JB1 rearrangement status of the T 
cell receptor f§ locus (Fig. SAA). Moreover, 

tative measurement of gene dosage 
that the Zbrb7a gene was almost 
undetectable in both thymic and BM DP T 
cells in the plpC-treated Zhth7uhtee Materes 
mice (fig. $4, B and C), Notably, extrathymic 
T cell development appeared to be limited to 
the BM, as these cells Were not observed in 
spleen or Peyer's patches (tig. S4, D and E). 


HSC inthe BM 


To investigate whether the extrathymic DP 
T cell accumulation seen when the LRF gene 
was deleted was caused by defects in a cell 
intrinsic mechanism, LRF inactivation was in= 
duced in BM-reconsttuted recipient mice. Thus, 
Zrrbraree Mslon ee Dhyrg ee Mskows 
BMMNCs were transplanted into lethally i= 
rudiated recipient mice. After engraftment, 
recipient mice were treated with plpC to 
induce Cre expression (Fig. 2D, left). In 
Znbrat’ Meter reconstituted mice, an 
accumulation of donor-derived (CD45.2") 
DP T cells was seen in the BM with a 
significant reduction of B cells both in BM 
and PB in a cell-autonomous manner (Fig. 
2D and fig. S4F). To determine whether 
extrathymic BM DP-T cell development was 
thymus-independent, ZhihTa"e— Mstere~ 
BMMNCs were transferred into lethally iera- 
diated athymic nude mice, and the LRF gene 
was subsequently inactivated after engratt- 
ment by plpC administration. DP T cell accu- 
mulation was observed in the BM 10 days 
after the last plpC administration (Fig, 2 
wicating that in the absence of LRF, 


T cells in a thymus-independent fashion 

Aberrant lymphocyte commitment. To cx- 
plore whether the early B cell developmental 
program takes place comectly in plpC-tneatod 
Ainbraho Melero peep¢o-B cells, the expres- 
sion of the genes encoding pre-BCR compo- 
nents, terminal deoxynucleotidy! transferase 
(TUT), and Rag recombinases was examined. 
In these experiments, MRNA levels of pyre- 
BCR components (Iga, Ig. and Vpre-B1), 
Rag recombinases (Rag-1, Rag-2) and TUT in 
Zinb7ate™ Me rnice were markedly reduced 
‘compared with those of control mice (Fig. 3A). 


Thymic stroma 


ATL. 
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5. Proposed model for the role of LRF in determining B versus T lineage fate. (Left) In BM, where 


stromal cells express moderate levels of Notch ligands, LRF expression in HSCs and lymphoid pro- 
‘genitors functions to repress Tcell-instructive signals produced by Notch. ICN, intracellular domain of 
Notch; CSL, CBF-1 (RBP-}x, Jx recombining binding protein)-Suppressor of Hairless—Lagl (Notch ef 
fector). (Right) However, once progenitors home in on the thymus, where Notch ligands are more 
abundantly expressed, this repressive role of LRF on Notch function is overruled (top), which allows 


efficient production of T cell precursors. 
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Early B cell development is governed 
by a small set of cytokines and transerip- 
tion factors, Both PU.1 and Tkaros are essen- 
lial for the maintenance of HSCs and CLPs 
(U8, 19); FIG ligand is required for the 
generation of CLPs but not HSCs (20), Both 
IL-7 ans its receptor (L-7R) are indispensable 
for prepro-B to pro-B transition (2/) and 
transcription factors Bell 1a, E2A, StatS, and 
Ebfi also play critical roles at this develop- 
tal stage (3) (fig. SSA), plpC-treated 
Dhib7ahee MA ppepro-B cells showed a 
significant down-regulation of E2A, Ebtl, 
and PaxS mRNA (Fig. 3), Similarly, small 
amounts of Ebfl protein were detected in 
plpCereated Zhb7a" ME prepro-B 
cells, whereas StatS protein was abundant 
(Fig. 3B). Because the enforced expression 
of Ebfl is able to rescue B cell developmental 
defects in PUI, MTR”, and E24 
mice (3), We examined whether the ov 
expression of Ebfl in Zhih7a~~ FL-ISCs 
might have a similar effect, Positive control 
LRF-transduced Zivh7a”” FL cells success 
fully gave rise to splenic B cells in recipient 
mice (fig. SSB), However, neither GFP- vector 
or Ebfi-transduced FL cells were able to res 
‘eve the Zivb7a~” B cell phenotype (fig, SSB), 

Given that plpC-treated Zh1h 7a" Mle 
prepro-B cells were unable 10 progress fi 
ther in the B cell developmental program, 
we speculated that they might have become 
berrantly committed to the Tcell lineage, thus 
generating the extrathymic DP T cells found 
in the BM. To test this, we examined mRNA 
expression levels of T cell-specific target 


i 
genes in the plpC-treated woe saga 
prepro-B cells. In these analyses, mRNA levels 
of Notch, Notch3, but not Notch2, and their 


downstream target genes were profoundly cle- 


vated in the plpC-treatd Zinb7at® 


B cell marker B220 (Fi 
habe MHI prenco.s 
cells appeared aberrantly committed to the T 
cell rather than B cell lineage. To determine 
whether the plpC-treated Zinb7ahee Materes 
prepro-B cells could differentiate into: more 
mature stages of T cell development, sorted 
prepro-B cells were cultured on OP9 stromal 
cell layers. Afler coculture with control OP9- 
GEP cells, the plpC-treated Zith 74h" Meter 
prepro-B cells, in which one allele of LRP re- 
‘rain intact, icin lifereited it pro 
cls, while the plpC-treated Zinb7a"™™ 

prepro-B cells did not give rise to pro-B cells 
ig. S6A, left). In the case of cells express- 
ing the Delta notch ligand (OP9-DLI), how- 
ever. control prepro-B cells still differentiated 
into pro-B cells. even though activation of the 
Notch pathway drives T cell development (fiz. 
SOA). This is likely because normal prepro-B 
cells express very low levels of the Notcht 
receptor and thus cannot respond to the DLT 
signal (sce Fig. 3C for Notch mRNA). On the 
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contrary, the plpC-treated Zbih 7a" Meter 


prepro-B cells immediately lost B220 ex- 
pression on the cell surface and effectively 
differentiated to CD48 DP T cells (fig. SOA. 
right). In agreement with these findings, 
Zinh7aloe MIC prepeo-B cells were most 
ly positive for CD25 and negative for the 
(CD44 surface markers, which is reminiscent 
of normal thymic DN3 T cells (Fig. 3D). 
‘Taken together, these data indicate that in the 
absence of LRE, lymphoid progenitors give 
rise to aberrant B220-positive DN. T-like 
cells, which subsequently differentiate to DP 
‘Tcells in the BM at the expense of normal B 
cell development (Fig. 3E). 

‘Notch repression by LRF. Notch sixnaling 
is critical for T cell development and the 
perturbation of this pathway can result in 
cellular transformation (22). Furthermore, 
Notch is obligatory for correct fate determi 
nation toward B or T lineage in the Lymphoid 
progenitors (2) and was recently reported as 
the most commonly mutated gene in human 
T cell acute lymphoblastic leukemia (T-ALL) 
(23), Noteht deletion in mouse HSCs results 
inv a marked reduction in thymic T cells and 
simultaneous B cell development in the 
thymus (24), Conversely, constitutive activa 
tion of NotehI pathways in HSCs and/or 
CLPs results in blocking of B cell devel- 
‘opment and a profound expansion of extra 
thymie DP T cells in the BM. Although these 
mice eventually develop T cell leukemia in 
the BM (22), thymic T eell development is 
not impaired, for the most part (22). Given 
that the phenotype of LF conditional 
knockout mice is seen in mice overexpress: 
ing the intracellular domain of Novi? that 
leads to constitutive Notch pathway aetiva- 
tion (22), we hypothesized that LRF might 
‘oppose Notch! funetion at HSC and/or CLP 
stage. To test this directly, we examined 
expression of Notch genes and their targets 
in HSCs and CLPs. Afier plpC treatment, 
LRE mRNA was efficiently eliminated 
both in HSCs and CLPs (Fig. 4A) and 
was followed by the up-regulation of all 
Notch target genes in the plpC-treated 
zoib7ato’” MIE USCS and CLPs (Fig. 
4A). Corresponding Notch! mRNA levels 
were comparable to those of control mice 
(Fig. 4A). This “Notch signature” was 
evident mainly at the HSC and CLP stages, 
as relatively low levels of Noreh target genes 
were detected in myeloid or erythroid pro- 
genitor compartments (fig. S6B). To further 
elucidate whether the aberrant T cell com- 
mitment in the absene Noteh- 


Is are potent inhibitor of Notch signaling 
that act by preventing the cleavage and release 
of the intracellular moiety of the Notch recep- 
tor (25), Strikingly, this almest completely 
rescued abnormal B or Teell commitment seen 
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LRF conditional KO mice (Fig. 4B). After 
SI treatment, neither the DP T eells nor aber- 
rant DN T-like prepro-B cells were observed 
(Fig. 4B), Furthermore, Zbib7a"e*" Meer 
prepro-B cells could give rise to pro-B cells 
afer GSI treatment (Fig. 4B). It was note 
Worthy that, in these pro-B cells, expression of 
VpreB1, a component of the pre-BCR, re- 
sumed after GSI treatment, whereas LRF 
mRNA became barely detectable, which con- 
firmed that gene targeting was comoct (Fig. 4C). 

Discussion. Qur findings allow us to reach 
two conclusions. First, we identify LRF as a 
master regulator in determination of B versus 
T lymphoid fate, with loss of LRF in HSCs 
and CLPs, resulting in an absence of B cell 
development and spontancous extrat 
DP T cell development in the BM. Second, 
we demonstrate that loss of LRF results in 
aberrant activation of the Notch pathway, 
with Notch target genes becoming strongly 
up-regulated in HSCs and CLPs. Taken 
together, we propose a working model for 
B versus T cell lineage fate determination, in 
which LRF plays a pivotal role as a negative 
regulator of T lineage commitment by 
‘opposing Notch function (Fig. $). In normal 
HSCs, LRF opposes Notch function, LRF 
blocks basal Notch signaling triggered from 
BM stromal cells, which express moderate 
level of Notch ligands (26). BM stromal cells 
also express molecules that support B cell 
commitment and development, such as FIG 
and SDFI (27), Therefore, HSCs and lymph- 
‘oid progenitors in the BM are committed to 
the B cell lineage by default and differentiate 
into B cells in the presence of signals, such 
as IL-7 (21). After homing to the develoy 
thymus, in which Notch ligands are abun- 
dantly expressed (26), HSCs and/or Lymph- 
oid progenitors efficiently give rise to thymic 
T cells, because, at this point, Notch sig- 
naling Would overrule the repressive role of 
LRF on Notch function. However, in the ab- 
sence of LRF, the low levels of Notch ligands 
expressed by the BM stroma would now be 
sullicient to activate Nofch tanget genes nor- 
mally repressed by LRF in HSCs and CLPs, 
thus aberrant 


DN T cell production, as com- 
pared with mock-infected HSCs in an OP9- 
DLI culture system (fig. S6C), 

Our data provide strong evidence that 
LRF can oppose the Notch signaling path- 


the Notch pathway upstream, was sufficient 
to cause resumption of normal B versus T cell 
commitment in mutant HSC and CLPs, LRF 
likely targets upstream components. of the 
pathway rather than repressing downstream 
Notch target genes. As we observed high LRF 


expression in NHL patients (5) and Notch 
jgnaling is known to play a tumor suppres- 


sive role in human B cell malignancies (28), 
it is tempting to speculate that LRF can also 
exert its oncogenic activity by opposing Notch 
function in the B cell compartment, In ad~ 
dition, given that LRF is widely expressed in 
the organism and Notch has deseribed roles in 
regulating the development and differentiation 
‘of multiple tissues, the extent of LRF's repres- 
sive role on Notch-dependent processes 1e- 
mains to be seen, 
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Pairing Without Superfluidity: 
The Ground State of an Imbalanced 


Fermi Mixture 


C,H. Schunck,* ¥. Shin, A. Schirotzek, M. W. Zwierlein,+ W. Ketterle 


We used radio-frequency spectroscopy to study pairing in the normal and superfluid phases of a 


strongly interacting Fer 


‘925 with imbalanced spin populations. At high spin imbalances, the 


system does not become superfluid even at zero temperature. In this normal phase, full pairing of 
the minority atoms was observed. Hence, mismatched Fermi surfaces do not prevent pairing but 
‘can quench the superfluid state, thus realizing a system of fermion pairs that do not condense even 


at the lowest temperature. 


ionic superfuidity has many manites- 
Fission ss on 

stems as superconducting materials, 
Tiquid Site, neutron stars, and ultracold quantum 
gases. AL its heart fies the formation of fermion 
pairs, Although the Pauli principle forbids 
identical fermions to occupy the same q 
state, pais of nse and thus 
becom: superfluid, Superconductivty, the flow of 
‘electrical current without resistance, is & manifes- 
tation of fermionic supertluidity in a condensed- 
matter system. Superconductors are characterized 
by a temperature 7* where electrons start to pair 
and a critical temperature 7, for the onset of 
Superconductivity. In conventional supercon 
ductors, understood within the framework of 
Barteen-Cooper-Schriefler (BCS) theory, fermi 
‘on pairs form and condense simultancously 
(ies, T= Te). In high-temperature supercon 
ductors, strongly correlated electrons exist in 
the normal phase, that is, T* > T.. The 
ctions that mediate pairing and uhimately 
ul to superconductivity in these complex 
systems are still subject to debate (/). Another 
strongly interacting but comparatively simple 
femion system is an ultracold gas of neutral 
{emionie atoms. High-temperature supertluidity 
Was recently observed in these gases (2), 
‘opening a new approach to explore the highly 
correlated normal phase of strongly interacting 
fermions and its. r to the onset of 
superfluid. 

Utracold atomic Fermi mixtures of wo spin 
states close to a Feshbach resonance constitute a 
highly controllable model system for stony 
interacting fermions. By resonantly changing 
the interaction strength between the fermionic 
atoms, the crossover from BCS supertluidity of 
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Joosely bound pairs to Bose-Einstein condensa- 
tion (BEC) of tighily bound molecules ean be 
explored. BEC-BCS erossover theory at finite 
temperature contains pairing in the normal phase 
below a temperature 7* > T, (1, 3-5). Eviden 
for pairing above 7. in ultracold Fermi gases was 
found in (6, 7) via radio-frequency (rf) spec- 
troscopy, Here, we use rf spectroscopy to stuxly 
primarily the normal state of an imbalanced spi 
mixture- An imbalance in the spin populations of 
the two-state Fermi system kaads to a quali 
change of the phase diagram: Above a cera 
raction-kependent population imbalance, 
transition to the superfluid state is suppressed 
even at zero temperature. This is known as the 
Chandrasckhar-Clogsion (CC) or Pauli part 
magnetic limit of supertluidity (S, 9). In several 
works, the CC limit is assumed to imply pair 
dissociation and is refemed to as “Pauli pair 
breaking” (0-12) that is, 7* and 7. are a 
sumed to vanish simultancously. The CC limit 
has been observed and characterized in ultracold 
atomic gases (13). 

We report on the observation of a gap in 
single-particle excitation spectrum (representin 
spin response function) ofa highly imbalanced 
sample. This implies that the system is in a 
wrelated state and that the minority component 
is paired. Pairing of fermions is thus not 
necessarily a precursor to supertluidty: T* is 
finite even when Te vanishes. The CC limit of 
superfluidity, at keast for strong interactions, is 
not associated with breaking of fermion pairs 
but only with the quenching of the superfluid 
state. Another and probably very different sys 
tem with finite T* and vanishing 7, has been 
discussad in strongly underdoped cuprates (1). 

The rf spectra presented in this work were 
also comrelated with an indirect signature for su- 
perfluidity by determining pair condensate 
fractions (14, 15). We conclude that rf spectra 
‘cannot distinguish, at present experimental eso- 
lution, between normal and superfluid states 

In our experiment, a strongly interactin 
imbalanced spin mixture of °Li fermions in the 
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two lowest hyperfine states, labeled 1) and 2) 
(corresponding to the F a 
F = Vs, mp = ~Y2) states at low magnetic 
field) was erated in an optical dipole trap at 
833 G, the center of the |1)-2) Feshbach reso- 
nance [sce (/5, 16) for deta]. On resonance, 
all interactions in the |1}-2) mixture ane 
universal, as the Fermi energy Ey and the 
inverse Femi wavenumber Vly are the only 
relevant energy and length scales. The im- 
balance 6 of the mixture was controlled as re- 
ponted in (3, 17) where & = (Ny ~ NaV(Ni + Na) 
and Ny and Ng are the atom numbers in states 
1) and 2), respectively. Here, Er, Ay, and the 
Fermi temperature Ty are given for a non 
interacting Fermi gas with the same atom 
rhumber as the majority component. To access 
a broader range of temperatures. We used Wo 
‘optical traps with different waists, characterized 
by the axial and radial trapping frequencies 6 
and «(as given in the figure captions of the rt 
spect). 

The interactions were spoctroscopically probed 
in a three-level system (18). A 2oms if pulse 
resonant with the transition from state 2) (he 
minority component) 10 a third state, labeled (3) 
low field) was appli, 
ter the #f pulse, the 
was switched off and the cloud wa 
expand for absorption 
tion images of atoms in states 2) and 1) were 
taken successively. and the atom number fraction 
NQUY) © N3) was obtained as a finetion of the 
applied rf, The rf spectra atthe highest imbalances 
Were taken with a population transfer smaller 
than ¢ total number of atoms. The data 
points in all spectra are the average of three 


y y 
2. me = Yo) 


oo 02 04 


os 
Imbalance 


08 10 
Fig. 1. The temperature-imbalance diagram 
shows where the rf spectra presented in Fig. 2 
(lack circles), ig. 4, A to C (blue diamonds), and 
Fig. 4, D to F (red triangles) were taken, All spec- 
tra were obtained on resonance at 833 G. The 
arrows indicate the order in which the spectra are 
displayed in the figures. The shaded region in- 
dicates the superfluid phase. The spectra corre- 
sponding to the open circles and triangles are 
similar to the spectra of Fig. 2, A to C, and are 
shown in (29). Except for the data close to zero 
imbalance, for which the interacting temperature 
T is given, temperatures have been determined 
from the noninteracting wings of the majority 
oud (25). 
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independent measurements. Temperature was 
adjusted by evaporation to different depths of 
the optical trap, followed by recompression. 
Spectra presented as a data set were taken with, 
the same final trap depth. Figure 1 provides an 
‘overview of the imbalances and temperatures 
at which the rf spectra were obtained. Specific 
details are given in the figure captions and in 
(19), All radio frequencies were referenced to 
the 2)-3) resonance recorded in the absence of 
jams in state 1) 


Fig. 2. Radiofrequency A 
spectroscopy of the mi- 

nority component in an 
imbalanced (6 ~ 0.9, 
strongly interacting mix- 
ture of fermionic atoms 
above the CC limit of su- 
peruiity, As the tem- 
perature is lowered, full 
pairing develops in the 
absence of superfuidity. 
(A) An asymmetric and 
broad peak centered at 
the position of the atom- 
ic line is observed. The 
asmmmety and the large 
with might be caused by 
the presence of pang cor- 
teations abeady at 177, = 
1.9. For this spectrum 
only, heating was applied 
and the atom number in 
state 13) was recorded 
(19), (B and €) The pait- 
ing peak emerges, (D) At 
Tig = 05, the pairing 
peak remains and the 
minority atoms. are 
most fully paired (see 
also Fig. 4A). AS a guide 
to the eye, a double-peak 
line consisting of a Lo- 
rentzian fit to the atomic 
peak anda. Gaussian fit 
to the pairing peak is 
included, Spectra were 
taken for the following 
parameters (see also 
the solid. black circles 
in Fig. 1): 5 = 087, 
p= h x 260 kil, VT = 


‘Atom number in 13) 
au) 
g 
3 


‘Atom number fraction in 12) 


9; (B) & = 0.94, 


ctroscopy measures a single- 
particle spin excitation spectrum for the minority 
component of the mixture (20-23), To under 
stand the expected rf spectra, one can use a 
simplified description of the gas as a mixture of 
free atoms and molecule-ike pairs, which is 
strictly valid only in the BEC limit. Transferring 
aan unbound atom from state 2) into state 3) 
requires an energy AF33. As the (1)-3) mixture 
is also strongly interacting because of a |1)~3) 
Feshhach resonance located at 690 G (8), we 


Whe= 1.0 We=19 


Decreasing temperature 


Wp =09 


We=05 


a) 


Radio-trequency offset {kHz} 
bx 360 kt, 1/Ty 


10; (0) 5 = 0.94, & =h x 360 


kHz, 1/Tp = 0.9; (D) 6 = 0.93, Ep = h x 340 KHz, T/Tp = 0.5. The trapping frequencies were on = 2x x 


3.5 kHz and iy, = 2 x 7 He. 


Fig. 3. Radio-requency spectrum of the 
minority component obtained at a mag- 
Tetic field of 937 G (1/fga42 = -0.18) 
and imbalance & = 0.88, demonstrating 
‘trong pairing above the CC limit on the 
BCS side of the Feshbach resonance (ays i 
the s-wave scattering length in the |1)-2) 
mixture). The rf spectrum was taken for the 
parameters E, = h x 280 kHz and 17% = 
(0.3. The trapping frequencies were oy = 
2x x 2.9 kHz and «i, = 2 x 64 He 


‘Atom number 
traction in 12) 
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first assume, as in (6, 7), that mean-field shifts 
ic., shifts corresponding to Hartree tenns) are 
absent in the rf spectrum. Then AF2s and the 
width of the stomic 2)-3) transition are 
independent of the density of atoms in state 
1), However, if an atom in state 2) is paired 
‘with an atom in state (1), the rf photon must 
provide the binding energy Ey required to break 
the pair in addition to AF33. Therefore, if pairing 
is present in the system, a second peak emerges 
in the minority sf spectrum that is. separated 

ine and associated with pairing 
(6, 7), In a Fermi cloud, pairing is strong only 
rcar the Fenni surface. Because the rf’ photons 
cin excite atoms in the whole Fermi sea, the 
observed spectral gap Av may have 10 be 
interpreted as a pair-binding energy aves 
‘over the Fermi sea. Indeed, in the BCS limit one 
has iyo A*/Ep, where A ix Planck's eo 
and A is the BCS pairing gap 
Working assumptions, we interpret the em 
gence of & gap in the spectrum as a pairing 
effect. 

The presence of pairing in the normal phase 
hhas been observed in the rf spectra for a highly 
imbalanced mixture, with 8 ~ 0,9, on resonance 
at 833 G (Fig, 2) and on the BCS side at 937 
G (Fig. 3). At high temperature, only the 
atomic peak was present, and as the tem 
perature was lowered, a second peak—the pair 
ing peak—emerged and separated from the 
‘atomic peak. At sufficiently low temperatures, 
csscentally only the pairing peak remained, This 
‘behavior is qualitatively similar to what has been 
observed in an equal mixture (6). The spectral 
sap Av (ie. the shift of the pairing peak relative 
tothe atomic Hine) inereases asthe temperature is 
Jowered. At the lowest temperature of 0.08777 
(Fig. 4A), we measured a shift of 0.38.) 

All the spectra in Figs. 2 and 3 were obtained 
at high imbalances above the CC timit of 
superfluid. Here the system cannot undergo a 
phase transition 10 the superfluid state even at 
zero temperature. For a trapped gas on 
resonance the CC limit is reached at a critical 
imbalance Of Beep ® 0.74 = 0.08 (13, 17), it 
agreement with a calculated value OF Saar 
0.7 (24). On the BCS side of the Feshbach 
resonance, at an interaction strength of ky = 

0.18, the eritical imbalance is Scexy ~ 0.6 * 0 
as previously measured around this interaction 
strength (13). 

Because we observed full pairing inthe 
‘normal phase ofthe strongly interacting gas, one 
‘might mot expect the rf spectra to reveal the on- 
set of superfludity. We recorded #f spectra cov 
«ing the phase transition from the normal to the 
superfluid state by varying imbalance (Fig. 4, A 
to C) as well as temperature (Fig. 4, D to F), In 
both cases, no signature of the phase transition 
was resolved, although both the emenzence of 
fermion pair condensates and sudden changes 
in the density profiles (3, 17) showed the phase 
transition. In our previous work (2, 13), these 
indirect indicators of superfluidity were cor- 
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related with the presence of quantized vortices 
(ic., superfluid flow). 

Figure 4, A to C, illustrates that working 
With high imbalances has the advantage of re- 
ducing line-broadening effects that arise from 
averaging over the inhomogencous density dis- 
tribution of the sample. The narrowest fine was 
observed at the highest imbalance (Fig. 4A), 
\where the minority is considerably smaller than 
the majority cloud. The homogencous linewidkh 
should reflet the wave function of a single fermi- 
‘on pair, The observed naarow linewidth indicates 
Jocalization in momentum space well below the 
Fermi momentum Ay, and hence a pair size on 
the order of the interparticle spacing. 

We now examine the assumptions underly 
ing our interpretation of the peaks in the rf 
spectra, In particular, we adress the question of 
\Whether our observations can distinguish between 
Pairing coreations and mean-field effects. In- 
decd, mean-field like shifls were observed, for 
‘example, in the rf spectrum of Fig. 2C where 
the atomic tine shows a shift of 0.03» to higher 


‘Atom number fraction in 2) 


Radio-trequency offset [kHz] 


Fig. 4. Radio-trequency spectra of the minority component obtained while 
crossing the phase transition by reducing imbalance (A to C) and tem- 
perature (D to F). The rf spectra do nat reveal the phase transition. The onset 
‘of superfluiity is indirectly observed by fermion pair condensation. The 
‘condensate fractions are zero in (A) and (B) and 35 + 2% in (O. The onset 
‘of superfludity as a function of temperature occurs between (D) and (F), with 
condensate fractions of 0% in (D), 3 + 2% in (E), and 17 + 3% in (F). The 
insets in (A) to (F) show the column density profile (red) of the minority 
cloud after a rapid magnetic field ramp to the BEC side and further ex- 
pansion (29); the blue dashed line is a Gaussian fit to the thermal 
background. The additional insets in (D) to (F) show phase-contrast 
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‘energy. Although the |1)+3) interactions ane in 
the unitary regime for a typical value of kraxy = 

3.3 (varying. for example, from —3 10 3.6 
across the minority cloud in Fiz. 2C). they may 
not have fully conversed to their value at 
unitarity and thus may have caused the ob- 
served shifts (ays is the s-wave scattering length 
in the 1-3) mixture), However, all shifs of the 
atomic line are small relative to the size of the 
spectral gap of up to O.38Ey and are only seen 
in the presence of the pairing peak (fig. S3 
displays all observed shifts of atomic and 
pairing peaks versus temperature). Although 
the shifls of the atomic line are small at all tem 
peratures, the shifts associated with the pairing 
peak start rising below 7/Tp ~ 1, accompanied 
bby a decrease in the weight of the atomic line. In 
the intermediate temperature range, where the rf 
spectra show a double-peak structure, the palt- 
ing peak shoul! originate primarily from the 
higherdensity region in the enter of the cloud, 
and the atomic peak should originate from the 
low-density wings Therefore, if one were 10 
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Decreasing imbalance 
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normalize the data according to the local density 
of majority atoms, the data points for the atom 
peaks would shift up in 7/7p by a factor of be- 
tween 1 and 5, the smaller factor reflecting the 
cases of large imbalance, where the minority 
loud is considerably smaller than the majority 
cloud. As a result, near 7/Tgocay = 0.3, we have 
observed both atomic peaks and pairing peaks, 
\which is an indication for the local coexistence 
of unpaired and paired mi 
«x, in this possible coexistence region, eithe 
peak separation is small or one pe 
small weight. Therefore, more work is needed to 
study the possibility of coexistence, 
native interpretation assumes single local peaks 
and a sudklen onset of peak shifts below 7/Tp~ 1 
This appears to be incompatible with ao 
mean-fick! approximation as well: The me 
field in the unitarity limit shouk saturate whe 
T approaches Ty and not vary strongly for T 
Tr. because the relative momentum of two 
panicles in this regime is dominated by the 
Fomi momentum and not by the thermal 


Wir = 0.18 


O18 


Thr 
Decreasing temperature 


Tie 


Radio-frequency offset [kHz] 


‘images for a trapped cloud, obtained at imbalances of the opposite sign. 
‘Spectra were taken for the following parameters in (A) to (C) (see also the 


x 27 kiz, 1p =0.08; (8) 5 


For the spectrum in (C) we quote the temperature T” obtained from a fit to 

the interacting Fermi gas (19). Spectra were taken for the following 

‘parameters in (0) to (F) (see also the solid red triangles in Fig. 1): (0) 3 = 
x 38 kz, Wy = 

= 0.29, E = h x 35 kia, 1/Ty = 0.09. The trapping frequencies 

2z x 192 He and ony = 2x x 23 He. 


18; (E) & = 0.32, Ef = h x 38 KHz, 17, = 
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momentum. Furthermore, a sudden onset of 
interactions would likely affect the density 
distribution of the minority atoms. However, 
the minority clouds observed in expan: 
well fit by a single Thomas-Femni profile (25), 

‘The BEC-side picture of a mixture of single 
‘atoms and molecules seems to extend into the 
resonance region, in the sense that fermion pairs 
form high above the superfluid transition tem- 
perature and possibly coexist locally with un- 
Paired atoms. However, the fermion pairs on 
resonance behave differently from “real” moke- 
‘cules: Their binding enengy increases with lower 
temperature and higher atomic density. Most 
important, fermion pairs above the CC fimit do 
not condense at low temperature ax bosonic 
molecules would do at any imbalance, Akthough 
some extensions of BCS mean-field theories to 
the imbalanced ease do not predict pairing. at 
imbalances 8 above the CC limit (26), a survival 
‘of Cooper pairs “lar from the transition region’ 
has been predicted (27) for a superconducting 
system that is driven into the normal, aramag- 
netic phase by Zeeman spliting 

The observed spectral gaps appear to be 
insensitive to the density of the minority atoms 
(Fig. 4, A to C), At very high imbalances, one 
should indeed approach the limit of one mi- 
nority atom immersed in a fully polarized Fermi 


on are 


sea, In (24, 28, 29) the ground-state energy for 
this scenario has been calculated to be about 
0.6. for example, by using a mexified Cooper 


pair wave funetion ansatz (28). These calcula 
tions do not provide an excitation spectrum and 
«do not distinguish between pairing (correlation) 
‘energies and mean-field (Hartree) tems. There- 
fore, the theoretical result cannot be diteetly 
‘compared 10 our spectroscopic measurement of 
dv = -O38Ep at T'Te = 008. 

Whether superfluidty can occur for large 
imbatances: and low atom numbers in highly 


elongated geometries remains a subject of de- 
bate (30). In fight of our findings, it may be 
important to clearly distinguish between the 
effects of pairing and of superfludity. It has also 
bbeen suggested that the presence of an atomic 
peak next to the pairing peak in the minority 
cloud at zero temperature and high imbalance 
could provide evidence for exotic forms of 
superfluiity, such as the Fulle-Femel-Larkin- 
Ovehinnikow state (37). However, for the param- 
eters studied here, the atomic peak is seen to 
disappear as the temperature is reduced (Figs. 2 
and 4A). 

Working with imbalanced Femi gases, we 
were able to study and characterize pairing in a 
situation where no superfluidty occurs even at 
‘zero temperature. The spectral gap Av appcars 
tw be only weakly dependent on the imbalance, 
This finding suggests that near unitarity, certain 
pairing correlations in the superfluid state are 
milar to those in & dilute cloud of minority 
atoms immersed into the Fermi sca of the m 
jority. Morcover, it implies that the enensctics 
that drive the normal-to-supertuid phase transi 
tion involve more than the observed pain 
‘energy. Further studies of the strongly correlated 
normal state might yield now insights into th 
microscopic physics of the superfhuid state 
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The Process of Tholin Formation in 
Titan's Upper Atmosphere 


J. H. Waite Jr.,”* D. T. Young," T. E. Cravens,” A. J. Coates,” F. 


}. Crary," B. Magee,"* J. Westlake* 


Titan's lower atmosphere has long been known to harbor organic aerosols (tholins) presumed 

to have been formed from simple molecules, such as methane and nitrogen (CHg and N2). Up to 
row, it has been assumed that tholins were formed at altitudes of several hundred kilometers by 
processes as yet unobserved, Using measurements from a combination of mass/charge and energy/ 
charge spectrometers on the Cassini spacecraft, we have obtained evidence for tholin formation at 
high altitudes (~1000 kilometers) in Titan’s atmosphere. The observed chemical mix strongly 
implies a series of chemical reactions and physical processes that lead from simple molecules 
(CHa and Na) to larger, more complex molecules (80 to 350 daltons) to negatively charged massive 
molecules (~8000 daltons), which we identify as tholins. That the process involves massive 
negatively charged molecules and aerosols is completely unexpected. 


‘ethane and nitrogen in Titan's atmo- 
Me= saw supplied with ive encney 
from solar ultraviolet (UV) radiation 
‘and energetic particles in Satum’s magnetosphere 
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‘These circumstances make Titan, prolific source 
‘of complex organic compounds, unparalled in 
the solar system. Hydrocarbon chemistry is 
further enhanced by the escape of hydrogen from 


the exosphere, which accelerates the conversion 
fof methane 10 unsaturated hydrocarbon nitrile 
species by circumventing the buildup of molecu 
Jar hydrogen, thus promoting unsaturated 
hydrocarbon formation (/, 2). Sagan and Khare 
G3) have suggested that the penultimate result 
of the formation of these lange compounds is 
the generation of hydrocarbon-nitrile aerosols 
(aholins) thought to populate haze layers in Titan's 
stratosphere (4. 5). Similar onganic chemistry 
jeccurs during soot formation in Earth's tropo- 
sphere (6-8) and may have taken place in the 
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Table 1. INMS observed neutral mole fractions at closest approach. 
‘Mole fractions are found from inbound observations within 15 km of 
closest approach to maximize signal and reduce contamination. Un- 
certainties are shown in parentheses. Hz values for all flybys [4.05 * 
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10 (3.00 x 10~*)] have been adopted from analysis of the first Cassini 
‘encounter with Titan (TA). Temperature values are obtained from the 
scale height of Nz measured within 100 km of closest approach. SZA, 
solar zenith angle. 


6 n7 ms ng ro ja re 
Total density cm) «17810 «539% 10" «06x10 70x10" «2B 10” = 7.23x10" 7.66 x 10" 
(5.33 x 10) (3.04 x 10%) (4.18 x 10 (3.45 x 10 (3.33 x 10% (3.46 x 10) (3.49 x 10°) 
Ne 0.975 0.965 0.971 0.968 0.968 0971 0.975 
(52x10) (9.6410) 456x120) 6.47 x10) (23x 10%) (5.37 x 10) (5.36 x 10) 
CH 0.0127 0.0281 0.0155 0.0213 0.0193 0.0184 0.0137 
B18 x10) (7.69 x 10 459% 10%) 6.46 x10) (127 x 10) (5.89 10") (5.03 x 10°%) 
Gt 205x10* —2.60x10* = 252x10* = 203x10* = 25x10 = 2.0810 = 2.24 10 
07x10) — (6.0410) 443K 10) = TT x10) (10 10") (4.69% 10) (4.89 x 10°) 
Ge 80x10 = 101x107 = 7.15K10* = 9.93 x10 = 7.69x10* = 733K 10 831 x 10 
(602% 10) = (1.28 x10) (BOFK IT) §— 14x 10%) (206 10) 9.58 10) (2.02 x 10) 
He 1.66 x 10° 1.06 x 10° 2.04 « 107° 9.68 x 10% 1.26 x 10° 8.74 x 10% 1.17 « 10% 
(852x107) = (1.19 x10) 2310) 02 x 10%) (2.39 x 10" (9.47 107) (2.09 x 10°*) 
Gia 121 x 10% 9.61 x 10° 1.09 x 10° 1,08 x 10° 7.23 x 10° 7.26 « 10°¢ 121 10% 
(2.06 x10") = (839% 107) @Orx 30) =— (2.69 x 10%) (8.06 x 107) (1.04 x 10°4) 
Gy . 39510  5.05x10*  Saix10*  3.96x10% —233x10* = 5.86 x 10 
8.97% 107) (6.44107) (5.43 x10) 6.99107) (19K 10) (434107) (6.85 x 1077) 
Gala 351x100 4,53 x 10 330x10* 58x10 46x10 = 2.4310 = 5.16 x 10°* 
(543x107) (1.08 x 10") (6.86 x 107 (191x120) (6.92 « 1077) (1.02 x 10%) 
Ce 439%10% 135 10 3.30 x 10° 155 x 10° 5.07 x 10° 
B.21%107) — B.1Lx107) (3.62 « 107) (6.14 x 1077) (5.25 x 1077) 
GHe 4,00 x 10°* 1.83%10% = 2.72 x 10" z 155 x 10% 3.02 x 10% 
(4.29107) (5.07 x10) (4.61x 107) 4.78 107) (861X107) (453x107) (5.69 x 107) 
Altitude (km) 950 1000 960 980 1030 1000 1000 
Latitude ase 2° n ov 1° aa” 31" 
SZA 105° 45° 90" sr 25 12 33° 
TK) 12825 116 +16 132+8 13327 200+ 13 M28 168 + 10 


early Earth's atmosphere before the buildup of 


Table 2. INMS observed ion densities (jonsiem?) at closest approach. lon data are not available for 


‘oxygen 2.2 « 10° years ago (9). 


120 because the ram-directed flow of ions during the encounter was outside the INMS field of view. 


During the Cassini spacceralt’s first encoun 


LST, local solar time. 


ters with Titan, the fon Neutral Mass Spectrom ns none no rat 13 
ter (INMS) revealed an atmosphere dominated > "7 7 
by Na and Clty accompanied by a rich mixture CHS Sar PA Gy oh eet 
‘of hydrocarbon-nitrike compounkls with masses Cera Ea) Sey ie ey Ee) eee ey 
Up © 100 daltons (10), which was the upper #3” 2.8310" 1530 13.75 2.18 x 10 109 1.35 x 10! 
detectable limit ofthe mass ange of the INMS. eye ha Mp he 
OF particular importance for the development of HC dah: eds eae Gah Bae 
Leg bec ian roomate g No, OM azx108 3717751108 42.92 x 10* 
which faa crieal coraponent inthe forrasion of (57x 10%) (24.7) 9.92) (4.01 x 10 (29.47) (4.20 x 10%) 
vuyeiele aiseall Reaction (ID eke, “Call 998x10 198 «6.39 55310" 0.766 1.06 x 108 
A cata/in Ge anes we Kee ca cumiaeke (273x104) (9.95) (0.903) (5.55 x10 (0.216) 
‘Ghervadins: OF vdhocation-slacio: 6 ds CST 9.05%10° 14.8 7.26 352108 1091.15 x 1 
pper atmoepbere (950 io L1SO kon) by 56x10 (917) 323.86 x10) (0.223) (2.13 x 104) 
MES Sere tne Oe 4 260 5.44 3.0610? 0.900 1.64 10? 
the INMS, together with evidence from the ° A A 
‘Gusdd Boost Socthecmoce (CARS Hof 10x10") (2.70) (0.763) (4.98 x10") (0.755) (3.88 x 10”) 
a Co 04x10? 3.805.833.6110 = 0504. 2.22 x 10° 
heavy positively charged (100 to 350 daltons) 
and aeqntively charged (20 to 8000 daltons) fons 255% 10) — (4.26) (0.868) (642 x 109) (0394) (5.22 x 10°) 
2) The paeaence of nespttve cul, Ot” 205x10 68207155510? = 2203.25 x 10? 
(12), The presence of negative ions in particular 
it el aspen ae ariel rope a G40 x10) (8.33) 230), (933 x10) (2.96) (7.40 x 10) 
play an important role in tholin formation. Altitude Gem) 0 a om ed ay 
2 ist wa ws 48 23 20.8 4a 


These data were obtained during six recent 
Titan encounters (Tables 1 and 2), indicating 
that the chemical processes area persistent 
phenomenon 

‘The low altitude (950 km) and high latitude 
(©70°) of the closest Cassini encounter with 
Titan (T16) allowed accurate determination of 
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benzene density and mixing ratios over an alti- 
tude range of 130 km. Assuming local thermo- 
dynamic equilibrium with the major species 
«Na. the fits to data (Fig. 1) give a scale height 
of ~15 km, which is consistent with a species 
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‘with a mokeular mass of 78 atomic mass units 
acting under molecular diffision. This finding 
indicates that molecular diffusion, rather tun nur 
brulent atmospheric mixing, is the dominant trans- 
Pont process and that transport time scales are 
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more rapid than chemica-toss time scales. Data 
taken during subsequent flybys have confimed 
the presence of benzene at a mole fraction of =1 
1o 5 pasts per million (Table 1) and. the dom- 
nance of transport in determining the altitude 
Variation, INMS-derived ion and neutral spectra 
fiom 1 to 100 daltons (Fig. 2) illustrate the ion 
neutral chemistry correspondknce for compounds, 
starting with CL compounds and continuing 
through benzene and toluene, In the ease of ben 
zen, a chemical equilibrium exists betwoen it 
and the benzene cation Cgtt;". Other combina- 
tions of ion and neutral species seen in the 
spectra suggest the complexity of the chemical 
processes at work. 

In addition to INMS data, the CAPS ton 
Beam Spectrometer (IBS) (17) (Fig. 3) found 
complex hydrocarbon-nitrile species. at_much 
higher molseular masses (380 daltons) than 
‘can be measured by the INMS, However, where- 
as the INMS is a quadrupole mass spectrometer 
(U0), the CAPS IBS is an electrostatic analyzer 
that makes use of the high Mach number (14 
for @ mass of 100 daltons) of cold ionospheric 
ions rammed into the instrument to infer mas 
‘charge spectra from measured ion energy charge 
and knowledge of the spucecra’s.ekvetrial 
potential in Titan’s atmosphere. The IBS was 
not designed specifically for this task, and so its 
effective mass resolution at Titan is limited to a 
inss resolution (M/AM, where AM is the mass in 
daltons and AM is the mass resolution in 
daltons) of ~8 versus 100 for the INMS, 
However, IBS resolution is sufficient to separate 
families of mass peaks. This functionality is 
evident in the spectrum shown (Fig. 3A), 
whore the unresolved mass. groupings <100 
Jamu comrespond (0 families oF peaks in the 
INMS spectra (Fig. 2). OF particular interest are 
several prominent peaks at ~130, ~170, and ~335 
dathons, These we identify as naphthalene, an- 
thracene derivatives, and an anthracene dimer. 

‘The IBS analysis method can be applied 
‘energy. spectra (Fig. 3B) obtained from the 
CAPS Electron Spectrometer (ELS) (//, 12) 10 
inlor the existence of heavy negative ions. Ale 
though desianed to detect electrons, the ELS 
ean albo detect negatively charged ions. Analy 
sis of the three-dimensional velocity distribution 
Of the ions shows that, although extending to 
~2 keV due to their kinotic energy in the moving 
spacceraft reference frame (6 kms), the ions are 
very cold (0.1 eV) and hence highly supersonic. 
Taking the enengy spectra as proxies for mass 
spectra (Fig. 3B), we can identify peaks at ~15, 
5, and ~100 daltons and a broad range of 
masses between 100 and ~8000 dalions, with a 
‘peak at ~1300 daltons. Thus, both IBS and ELS 
data clearly show the presence of heavy mol 
cules well above the mass range of the INMS, 
implying a complex organic chemistry that has 
neither been observed nor considered before. 

The existence of lange negative ions is an 
indication of complex carbon-nitrogen precur- 
sors (PAHS and assorted nitriles) that may lead 
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to the production of tholins. Our analysis sug- 
‘gests that the organic compounds seen by the 
INMS and IBS are formed through ion-neutral 
chemical processes, which then give rise to 
the complex hydrocarbon-nitrile negative ions 
found by the ELS. 

Earlier modeling efforts [for information on 
the inital model and revised fon-neutral chemis- 
try added, see (/3) and (14), respectively; for 
original references for benzene production, sox 
(6-8)] showed that benzane can be produced by 
jon-neutral chemistry involving small molecules 
at akitudes near 1000 km in Titan's upper atmo- 
sphere and through three body- association reac- 
tions of carbon radicals near 750 km, INMS 
measurements (Fig. 2 and Tables 1 and 2) 
provide a dircct means of evaluating high-abiude 
‘production pathways (Table 3). Although disso- 
ciation of methane and nitrogen is key 1 
initiating the production of simple organic units 
(such as acetylene, ethylene, ethane, and hydro- 
‘gen cyanide), ion-neutral chemistry must play a 
‘central role in linking these onganic units together 
10 fom mone complex onganics, stating with 
benzene, 

By untangling the complex hydrocarbon- 
nitrile mixture (/5, 16) that the INMS observes, 
wwe can estimate the chemical formation process 
for benzene using chemical schemes (Table 3) 
developed 10 understand the formation of soot 
fon Earth (6-8, 13, /4) and PAHs in interstellar 
«lous (17). In the low-pressure regime found at 
~1000 km, the ion-neutral formation pathway 
involving Cully” and Calls” is over five orders 
‘of magnitude faster than neutral reaction path- 


‘ways acting through photochemical or energetic 
particle production of radical hydrocarbon spe- 
ics, such as Call. However, the photodisso- 
Giation rate of benzene is large (>10°* s) and, 
‘when combined with the estimated ion-neutral 
production rate of 1 = 107 cm”? ¥*, teads 10 
the underestimation of the benzene concentra- 
tion by about an order of magnitude, Potential 
solutions to this dilemma include (i) an uniden- 
tified benzene source at the altitude of observa- 
tion, (ii) a stabilization or regeneration process 
that mitigates the photodissociation of benzene, 
or (ii) some combination of the two, 

In addition to the measured benzene density 
profile (Fig. 1), independent evidence (18) 
dicates that the level at which molecular 
fasion dominates turbulent mixing is over two 
seale heights below 1000 km. We calculate a 
transport Titetime based on the molecular li 
fusion coefficient (14) of 5 = 10° s, which is 10. 
bbe compared with the ehemical loss Htttime of 
1» 10°. Thus, the photodissociation pathway 
cannot be representative of the chemical fife 
time. An altemative involves rapid regeneration 
of benzene after dissociation 10 the Cols or 
Golly radicals, Most of the obvious reactive 
pathways involving reactions with Hs. Cla, 
Call, Gata, oF Cable have activation enery 
(19, 20) that render these reactions ineflcet 
the low temperature (120 to 130 K) of Ti 
atmosphere (near 1000 km) in high northem 
latitudes, whereas pathways that involve growth 
to more complex organics proceed with lower 
activation enemies and therefore more rapid 
reaction rates. Therefore, we conclude that the 
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Fig. 1. INMS measurements ofthe altitude distribution of benzene during the T16 Titan encounter. Error 
bars indicate statistical uncertainty in counting rates. The dashed line és an exponential fit to the data, 
indicating the molecular diffusive scale height of a molecule the mass of benzene in Titan's atmosphere. 
Data below 1000 km (bive region) were averaged to produce the mass spectrum shown in the inset. 
(Inset) Fits to the benzene mass spectrum withthe use of recent INMS calibration values are shown, along 


with estimated uncertainty (error bars). 
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Uulkimate fate of benzene dissociation is the pro- 
duction of higher-order PAHS and that diffusive 
mixing inferred from the observed altitude dis- 
tribution requires a loss rate through photodis- 
sociation that is an onder of magnitude slower 
than present measurements and theories suggest 
Lor rates used, see (2): see also (22) and, for 
dissociation products, (23-25)], Indeed, this is 
consistent with the measured benzene concentra 
tion based on our present inferences of chemical 
production rates. Model calculations (4) sug- 
{gest that production at smaller solar-illuminstion 
angles rises at a rate that compensates for in- 
cereased losses from photodissociation, and there- 
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fore the benzene concentration may remain the 
same in the illuminated upper atmosphere (17 
in Tables | and 2) Our present observations 
thus leave open the questions of missing ben- 
zene production mechanisms and stabilization 
of the “hot” benzene formed thwugh photo- 
dissociation, 

(Gur data show that the key chemical role of 
‘benzene-PAH formation begins at high altitudes. 
CAPS IBS measurements (Fig. 3A) allow us to 
tentatively infer the existence of highcrorder 
PAH ions associated with highcr-onder PAHS, 
such as naphthalene (~130 daltons) and anthra- 
ene (~170 dations). Furthermore, comparison 
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Fig. 2. Correspondence of ion (upper) and neutral (lower) mass spectra measured by INMS during 
T19 between 950 and 1000 km. Benzene molecules and their ion counterpart can be identified at 


78 and 79 daltons in the spectra. High-pressure 
from the neutral spectrum. 
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‘background in the ion source has been subtracted 
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of measured densities with the saturation vapor 
pressure (26) shows that benzene and hydrogen 
cyanide ae near saturation vapor pressure and 
that diacetylene, naphthalene, and anthracene 
are highly supersaturated at 125 K (Table 1). 
This comparison is reinforced by the tentative 
identification of ions associated with the anthra- 
«ene dimer near 340 daltons as measured by the 
IBS. The decreasing density of the imervening 
species between 170 and 340 daltons suggests 
competition between chemistry and physical 
‘condensation processes. Dimer formation is the 
first step in condensation in the free molecular 
low regime, where bimolecular reactions down 
mation proce 
and competing condensation and chemical ki- 
netics are a hallmark of existing soot formation 
models (6-8). From the measured ion densi- 
ties, we infer the relative rate of condensation 0 
be one-tenth that of chemical processes, We also 
sstimate a production rate (>1 = 10° g ey? 5!) 
for formation of more complex PALnitrile com 
pounds from benzene 

The final step in the tholin formation process 
is aggregation of higher-order PAH-nitrile com- 
pounds that Icad to negative ions. Negative ion 
formation is expected as a result of the tenndeney 
of complex PAHs and cyanoaromatics (28, 29) 
to have electron affinities that range between 2 
and $ eV. Our observations of fons with mas’ 
change (amu per atomic charge e) between 1000 
and $000 daltons (Fig. 4) suggest that this is 
indced occurring. Under the conditions at ~1000 
fan (Te = ~125 K and ng = ~10° m?, where T, 
is electron temperature and ng is electron 
density), small dust grains immersed in a plasma 
‘will change negatively to a potential (30) yy ~ 

23 kTie ~ -0.027 V with a charge Q = dco a 
@ EAPC ap). where ep is the permittivity of 
five space, a is the particle radius, and Ap is 
Debye length If we assume the ions a 
singularly charged with a density of 1» 107? 
kg am”, then the particle radius lies between 75 
and 150 nm. Because we cannot measure change 
independently, the ion mass may actually. be 
‘much larger. A particle with mass’charge of $000 
daltons, an assumed density of 1 = 10 kg av, 
and Q = Se has a mass of 40,000 anu and a 
radius of 260 nim, These particles are clearly the 
size of acrsols that, because of the chemical 
processes taking place around them, we identify 
as tholins, Particles of this size are gravitation- 
ally bound to Titan and will tend to sink into the 
lower atmosphere, where they are indeed found 
G. 4), The interactions of these charged tholins 
\with ambipolar (37) and induced corotational 
G31) electric fields remain to be investivated 
Depending on the influence of the electric 
fields, the charged tholins may descend into 
the stratosphere or escape Titan's atmosphere 
altogether, 

Other instrumentation aboard the Cassini 
spacecraft is providing coroborating evidence 
of high-altitude aerosols. The Cassini Ultraviolet 
‘Spectrometer (UVIS) has revently observed aero 
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Fig. 3. (A) Positive ion spectrum from 1 to 350 daltons inferred from onset of condensation of the complex carbon-nitrogen aromatics. (B) 
energy/charge measurements made by the CAPS IBS near 1000 km Negative ion (n) spectrum from 10 to 10,000 daltons inferred {rom 
during the TL8 encounter. There is a change in slope of the fon energy/charge measurements made by the CAPS ELS near 1000 km 
abundance near 170 daltons and a change in the appearance of peaks during the 16 encounter. Error bars indicate uncertainty in the number 


near 170 and 340 daltons. These appear to be an indication of the density. 


Table 3. The primary ion and neutral chemical reactions in Titan's atmosphere at ~1000 km (3740) 
, chemical rate coefficient; hu, photonic energy; -, not measured. The asterisk indicates that the 
reaction occurs at 125 K, 


Formation of Relevant reaction(s) k (cm?) 
Gi? Gal + Gis*, HONH®, CHy” > GH)" + products 
Cals? Galle + Galts* = GaHs* + He 
Coty? 1. GaHs* + Gla + Got + He 73x 10 
2. Gatiy® + Gla -» Cos” + Ho 12x 197% 
(followed by) CeHs* + Ha > Culty* + hu 3.0.x 10% 
(ot) Cals” + GoHa -» Gath” + Gls 17x10 
(which competes with) C.Hs* + CHa = Gly" + He 75x 10% 


(which recombines to form benzene) GHy” +e GHo+H 15 x 10% 


sols at an altitude of 1000 km (32). They sug- been observed to vary with latitude in 
g ratios of 3 10" in the 


sphere, with mivi 


south and a maximum of 3 * 10° in the not 
a. at 7S°N (4), Low temperatures (120 to 130 K) 
northern latitudes in the upper 


provides an adequate explanation of the 
The size that UVIS infers for the aerosols is to measured at hl 


be compared to the mass’charge group detected atmosphere near 1000 km result in near satura 
at 8000 daltons by the CAPS ELS. 
these puticles is interpreted as havin 
40,000 amu, a density of 1 = 10 

the CAPS.inlerred This promotes rapid 


condenst 


ach of tion pressures for benzene and hydrogen cya 


amass of ide and highly supersaturated conditions for 


manda diacetylene, naphihalene, and ene (26), 


owth through het 
emal par. 


size of 260 nm. However 
densities are lower than those acquired by the erogencou 
UVIS, albeit 

Benzene and h 
at high altitudes is indicative of additional com 


a very different time and place. ticulate chemistry (6-%, 17, 27) and teads 


her-order PAH production transfer of benzene and other organics from the 
surface of the th 


ins. The loss, 


phase to 


plex chemistry involved in the growth of tholins of benzene and other compounds through 


at lower, stratospheric altitudes. Evidence iden- condensation onto the nascent tholin may 
tilying the existence of benzene in the tropo- account for the observation that benzene mixing 
sph ratios observed in the thermosphere are more 


than four orders of m: than those 


that benzene plays a major role in the 
tholins throughout the atmosphere. Benzene has in the stratosphere. 
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Fig. 4. Cartoon showing the chemical process 
leading up to the formation of tholins in Titan’s 
upper atmosphere. The process begins with free 
energy from solar UV radiation and energetic 
patticles impinging on Titan's atmosphere. The 
most abundant constituents (CH, and Nz) combine 
through a number of reaction pathways to form 
larger organic and nitrile compounds (100 to 350 
daltons) that eventually lead to the formation of 
negatively charged tholin aerosols (20 to 8000 
daltons) observed at ~1000 km. 


We have presented data trom three Cassini 
particle spectrometers that indicate that 
ples ion-neutral chemistry in Titan's atmosphere 
near 1000 km plays a major role in the formation 


‘of progressively more complex hyelwearbon mol 
cccules, from benzene to PAHs and ukimately to 
aerosol particles with ~260-nm radii, The exis- 
tence of ~40,000amu aerosols, formed by the 
‘growth of complex organic compounds in the 
Upper atmosphere, appears to answer the long 
unresolved question of the origin of tholin pre- 
cursors found at Titan. The chain of molecular 
growth that we have identified in this study is 
similar to that fist identified in the Miller-Uirey 
experiments (3). We suspect that the ultimate 
destination of these large organic molecules and 
actosols lies in the organic haze layers in Titan's 
stratosphere (3, 4). However, depending on the 
dynamic effects of almospheric and induced co- 
rotational electric fiekts on these particks, they 
might also escape Titan's atmosphere to become 
the source of PAHs observed to collect on the 
surfaces of Satum’s icy moons (34, 35), 


References and Notes 

1. RV. Yelle eo ons 72, 468 (2006), 

2. ¥.L Yung, M. Alen, . Pinto, Astoptys 2 Suppl Ser 
55, 465 (1984), 

3. C Sagan, 8M, Khate, Nature 277, 102 (979). 

4. CP, Mekay fol, Plone. Space Sc. 49, 79 O02) 

5. A Coustenis eal, cans, in rest; avaiable online at 
tp del o9/20,1016) cars. 2006, 12.022 

cher, J.B Howard, Prog. Energy Combus. Sl 26, 

565 (2000). 

7, HF. Caleote, 0, Kell, Pure Appl Chem. 62, 815 
(0990), 

‘8, ML Frenklach, Phys. Chem. Chem. Phys. 4, 2028 (2002). 

9. A-A.Pavlov, MT. Mugen |. Kasting, ML A Anbu, 
‘Geology 33. 87 (2003, 

10, LH. Waite tet o, Science 308, 982 (2005) 

ALD, T, Young etal, Space Sel Rew 114, 1 (2004). 

2, A}, Costes eo, E05 Tons. Am, Geophys. Union 87 
(tll meeting suppl), $2, abstract P218-06 (2006). 

1B, EH. Win, 5. K. Airey, A Castes, J Geos. Res 
(Monets) 108, 5014 (2003). 


16. V.De ta Hage, thesis, University af Michigan, Ann Arbor, 
mw 2005), 

1S. LE Cavens eto, Geopns. Res Let. 32, L12108 
(2005). 

16, V. Viton, RV. Yelle VG. Anicch Astepys J. 647, 
U7 (2006). 

7, 0, K Bohne, Chem. Rey. 92, 1487 (1992) 

1 All minor nesta constituent (ih the exepon of 
‘methane) shaw molecular dillusve scale eights at oor 
lowest atude on TIS, most etaly the inert species 
“Ae We cn use the ming rato of hr measured inthe 
omer atmosphere by the Huygens Gas Chromatograph 
ass Spectrometer [6.32 x 10° G3) and the 
“Ae mixing ratio measored bythe INMS on TH6 at 
‘975 ham of 1.46 x 10"* x 0.14 x 10° to infer thatthe 
emopasie turbulent mening toundary tes 
~110 km below out ebservation point (865 25 km), 
here he alte uncertainty represents uncertainties in 
the atmospheric temperature profile andthe misig ratio 
athe. The lack of compliance of methane with 2 
mclecolar difse scale height bas ben suggested as 
‘ue to outlon (, 2). 

19, National Institute of Standards and Technalogy (NST 
‘Chemical Kinetics Database (we inetic ist gow 
Iintievinde 

20, LV, Tokmakovet ol, J Phys. Chem. A103, 3636 (1999) 

2 | Goode, J Geophys. Res. 99, 3777 (1998) 

22 Lb Moses et ol}. Geopys. Res. 130, 08001 
(2008), 

23. A Yohoyama et ol, Chem. Phys. 92, 4222 (1990) 

24, K. Shino, 5, Upiy, J Chom. Phy 45,2292 (1966). 

25, N. Nakashima ¥. Ketar, J. Chem, Phy. 79, 2727 
(0983), 

26, We calculated vapor pressure (P) values using the 

‘Antoine equation (log P = A ~ B17 » Cand the 

[arameters A 8, and C using experimental data in 2 

‘specific temperature (7) range. The etrapelation of 

these data by means ofthe Antoine equation to 

lower temperatures has been verified with the use of 

benzene and methane data. We performed 2 

rifiation by producing atest ase where the 

‘Antoine equation ft was produced using only the 

‘gh-temperature vals, which we then compared 

with the experimental low-temperature data. Our test 

se shows a maximum uncertaaty of one decade at 

the etreme low temperatures (ess than 100 1) 


REPORTS. iM 


and, at 130, the extrapolated data differ by 3 
{actor of fie. he parameters A,B, and Care 
‘obtained from G3) 

27, A riedson, AS. Wong, Y Yung, seas 158, 389 
(2002), 

28, 1. Moustelaou et ol, Fradey Discus, Chem, Soc. 108, 
710998), 

29, X Zhang eto, Chem. Commun, 2006, 758 (2006), 

30. C.K Goet, Ret. Geophys. 27, 271 (1989). 

31. MG Kiveie, C T. Russel, Eds. Invoduction to Space 
‘Physics (Cambridge Univ. Press, Cambridge, 1995), 

432, MC tang, ¥. Yung, D. E.Shemansty, paper 
presented atthe 38th Annual Meeting ofthe Division of 
Fanetary Sciences, American Astronomical Society, 
Pasadena, A,B 10 13 Odaber 2006, 

33, K. 8. Mlemann et ol, Notre 438, 779 2005) 

34. 0. P. Cruishank eo, cor, in press. 

235, RN, lah etal, £05 Tron. Am. Geophys. Union, 87 
(fall meeting supe, abstract P22A-3 (2006), 

36. FJ Liv, W. G. Mallar, Ed. The Notional Institute 
(of Stendards and Tecnology Chemisty WebBook 
(QUST Standard Reference Database Number 69, June 
2005 release (ht:wetbook nist. gochey, 

37. |. L Mela, V. Peter, C.D. Mele, L. ML Babcock, 
NG, Adams, J Phys Cem. A 108, 6704 (2008), 

38, V.G Aric, “An inde ofthe erature for bimolecular 
ge phase-cton-mlecule reaction kinetics” (NASA Jet 
Fropulson Laboratory, JP. Publication 03-19, Pasadena, 
A, 2003. 

39, V.G.Anicch M. McEwan, loret Space Sel 8,897 (1997), 

40. V. G. nich, PF Wilton, M. J McEwan, J Am. Soe 
‘Mass Spectrom. 17, 544 (2006). 

41, We thank NASA forts continuing support of operations 
‘and data analysis from the Casini mission and ALC 
‘hanks the Science and Technology Foities Counc for 
‘suppor of ELS. The INNS and CAPS teams acknowledge 
support from NASA and the Jet Propulsion Laboratory 
(Si subcontact numbers 1283095 and 1243218, 
respective, at well asthe support ofthe respective 
Science and operations teams. |, acknowledges 
merous helpful dicussons wih G. R. Gladstone, and 
‘ALC acknowledges help with the data ana from 
GK Lewis 


9 Yanuary 2007; accepted 26 March 2007 
30.1126Acience.1139727 


The Orientation of the Local 
Interstellar Magnetic Field 


'M, Opher,}* E, C. Stone,? T. 1. Gombosi® 


The orientation of the local interstellar magnetic field introduces asymmetries in the heliosphere 
that affect the location of heliospheric radio emissions and the streaming direction of ions from the 
termination shock of the solar wind. We combined observations of radio emissions and energetic 
patticle streaming with extensive three-dimensional magnetohydrodynamic computer simulations of 
magnetic field draping over the heliopause to show that the plane of the local interstellar field is ~60° 
to 90° from the galactic plane. This Finding suggests that the field orientation in the Local 
Interstellar Cloud differs from that of a larger-scale interstellar magnetic field thought to parallet 


the galactic plane. 


olar wind is compressed by the motion of 

the Sun relative 1 the local interstellar 
medium, producing a comet-like shape with an 
extended tail. The solar wind abruptly slows, 
forming a termination shock as it approaches con- 
tact with the interstellar medium atthe heliopause. 
Beyond the heliopause, the interstellar wind con 
tains mainly hydrogen and helium, both as neutral 


T: heliosphere created by the supersonic 
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atoms and as ions that camry the frozen-in imter- 
stellar magnetic field. 

Recent Voyager observations of ions stream- 
ing from the termination shock (7, 2) have led to 
the suggestion that north-south and east-west 
asymmetrics of the heliosphere are induced by 
the interstellar magnetic field (3). However, the 
inferred fick! direction from the model of (3) was 
parallel to the hydrogen deflection plane (HDP) 
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rather than the galactic plane (GAL), On the basis 
‘of the polarization of light fom nearby st 
Frisch (4, 5) suggested thatthe galactic magnetic 
field is parallel to the GAL. However, the dinve- 
tion of the gakictic magnetic Field ix deduced 
from measurements averaged over a much larger 
ht-years). A direction parallel to the 
HDP was suggested by Lallement ef al, (6) for 
the local interstellar field, on the basis of solar 
Lyman-c radiation that is resonantly backscat- 
tered by interstellar hydrogen atoms, The HDP is 
tilted from the ecliptic plane by 60° and differs 
from the GAL by 60°, We used Voyayer | and 2 
‘observations in conjunction with a magnetohy- 
<drodynamic model to discriminate between these 
{wo planes and to constrain the orientation of the 
focal interstellar magnetic field, 
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id 2 stellar ma; 


In the past 20 years, Voyager 1 (V1) 
(V2) have been detecting radio emissions 
‘outer heliosphere at freque 


21 (7), second in 1992-1994 during solar cycle ma 
22 (8), and most recently during solar cycle 23 su 
(9), The cur 


interplanet 
intr 


1 solar activity rea 


heliopause and moves. 


ie Field (in the local 
the of the Sun) was also parallel to the GAL. stellar magnetic field, For intensities 
jes from 2t0 3 KHz However, Gumett et af, (/3) recently pointed 

(7-9) The radio emissions were detected cach out that at Earth's bow shock and interplanctary ic pressure is comparable to the gas. pressure, 
solar ¢ycle: fist in 1983-1984 during solar cycle shocks. the radio emission occurs where the with the ma 
tic field lines are tangential to the shock regions where the inte 
ce, and they suggested that heliospheric 

ntly accepted scenario is that the — dio emissions ocur where the local in 
radio emissions are generated when a strong — magnetic fick is tangential to the surface of the Brn = 0 on 1 
hock produced by a period of — shock that excites the plasma (or Brn = 0, where 
hes the vicinity of the B is the magnetic ficld and m is the shock — interstellar mags 
to the interstellar plasma normal). They conchaded tha 


which is distorted by pressure of the local inter- 
and a 
interstellar magnet 


ing in those 


ic pressure incre 
jellar low decreases as it 
approaches the heliopause. We ted how 
cllar the proposed location of the radio sources (where 
of the heliopause) varies 
with the orientation and strength of the local 
tic field, 
the condition Bn We considered several directions of the 


beyond (%, 10). Radio direction-finding measure- 0, combined with the source location observed by interstellar magnetic field—the DP, the GAL, 


ments from VI and V2 have been used to de- the two V 


temmine the positions 
which the 
(Fig. 1). The sources lie alon 


the magnetic heliopause, causing 


ecliptic plane (/2). Because the 
field is oriented nearly parallel to the 


and Gurnett (/7) suggested that the local inter- will depend on the shape of the hetiopause, 


spacocratt, implies that the local and the plane perpendicular to th 
sar the heliopause at interstellar magnetic field is perpendicular to the plane (/.3) (PPG)—with different inclination 
io emissions are generated (//) GAL. This direction differs from the earlier sug- angles a (the angle between the interstellar 
a line that passes gestion (9) and is within 16° 0 
i the nose of the heliosphere that roughly The interstellar magnetic fick! is frozen into the model coordinate system, where Bis the 

lels the GAL, The GAL is 120° from the imerstellar plasma that is deflected 
the field to drape over 1 
AL, Kurth —heliopause. Asa result, the region where Bin = 0 60°, the GAL to = 120°, and the PPG to f= 44 


—- 


etic field and interstellar wind velocity). In 


the HDP. 0 


J the angle between the imerstellar magnetic fiekd and 
the solar equator, the HDP corresponds 10 


(2), Assuming a spherical interplanetary shock, 


HE: 


§ 


HH 


Fig. 2. (A and B) Radio source location as a function of the interstellar 
magnetic field (B,sy) direction in (A) the HOP plane and (B) the GAL 
plane (with 1 = 45°). The surface of the heliopause is shown from upwind 
with respect to the interstellar wind. The isocontours show the strength of 
the radial component of the interstellar magnetic field, 8,, on the 
heliopause. The green band is the location of the radio sources (at 8, = 0). 
The red arrows show the direction of Bisw. (C and D) Same as (A) and (B) 


a a 
Eciiptic Longitude 


but converted to ecliptic coordinates for Bisu in (C) the PPG (with « 
30°) and (D) the GAL (with u = 45°). The direction of the nose of the 
hretiosphere (diamond) and the GAL (black line) are indicated for 
reference. The radio sources detected by V1 and V2 are shown as solid 
Circles. Note that the colors are inverted from (C) to (0) because the 
interstellar magnetic direction was inverted from (A) to (B) (see red 
vectors in the insets). 
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‘the tangential field condition forthe radio sources 
transbates to By = 0, where By isthe radial com- 
ponent of the interstellar magnetic field, For each 
modeled direction of the interstellar magnetic 
field, we compared the expected location of the 
radio sources (B, = 0 at the heliopause) with the 
‘observed location of the radio sources detected 
bby VI and V2 


‘The model used here is the same as used by 
(3) [see (/2)]. The interstellar magnetic field 
(Biss) magnitude is taken to be Bisa = 18 nG 
[with the» component of Bisas (Biss4y) < Ol 
“The coordinate system has the interstellar velocity 
rection in the © direction and the = axis as the 
solar rotation axis of the Sun, with y completing 
the righthanded coordinate system. In this 


A 


ae 
Ecliptic Longitude (deg) 


Eclipic Latitude (deg) 


ses eos sss 
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EJ a 
Ecliptic Longitude (deg) 


Fig. 2. (A and B) Streaming of TSPs from the MD point to V1 for the interstellar magnetic field in (A) 
the HDP (with c = 45°) and (B) the GAL (with « = 45°). The interplanetary magnetic field is carried 
radially outward by the solar wind, forming a spiral on a conical surface. The conical surfaces coinciding 
with the V1 trajectory are shown. V1 is first connected to the shock along the spiral magnetic field lines 
that contact the shack at the MD point. The solar magnetic field lines that intersect Vi are colored as 
follows: black, the O AU field line intersecting the shock where V1 crosses the shock: red and blue, 
magnetic field tines 2.0 AU and 3.0 AU upwind, respectively, from the 0 AU line; green, the 
rnonspherical termination shock. The magenta arrow indicates the streaming direction of the TSPs from 
the shock along the field line to VI. (C and D) Similar plots for V2, showing field lines 3.0 AU (red) and 
5.0 AU (blue) upwind of the O AU line. Note that in both views the solar magnetic field spirals clockwise 
with increasing distance outward. (E and F) Summary of the streaming of TSPs from the MD point back 
to V1 and V2. The nose direction (diamond) and the GAL are indicated. 
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coordinate system, VI is at 29.1% Iattude and 
213.4° longitude and V2 is at —31.2° latitude and 
178° longitude, which ignores the 7.25° tlt of 
the solar equator with respect to the ecliptic plane, 

Figure | indicates that the hetiopause is 
strongly influenced by the interstellar magnetic 
ficld direction; the heliopause is asymmetric both 
north-south and east-west and has plane of sym- 
metry approximately parallel to the plane of the 
local intersellar magnetic field, As a result, the 
hhctiopause surfaces for HDP and GAL field ori- 
entations are almost mirror images of each other. 

With Bisa parallel to the GAL (with = 45°, 
Fig, 1D), the region where By = 0 is almost 
perpendicular to the GAL, which is inconsistent 
‘with the radio observations, With Bisa in the 
PPG with a = 30° (Fig, 1C) produces the best 
agreement with the Voyager radio observations, 
a suggested by Gumett ef al. (13). The HE 
‘orientation differs from that of PPG by only 16° 
and is also in general agreement, as sugested 
boy the similarity of the regions with By = 0 in 
it. 1A(HIDP)and Fig, 1C (PPG), The offset of 
=15° between the observations and the region 
with B, = 0 for the model in best agreement 
(Fig. 1C) indicates that the accuracy of the 
model is not adequate to distinguish between 
the PPG and HIDP field orientations. 

We also investigated the effects of changing 
the interstellar wind direction 10 3° above the 
«clic plane [in the solar ecliptic coon 
tem, the interstellar wind direction is 253° 
longitude) and S* (atitude)] and changing the 
intensity of Bisa fom 1.8 GW 2.5 1G. For bo 
ceases, the change in the predicted location af ratio 
sources was minor (/2), As cinereases from 13° 
10 0, the B, = 0 hand moves counterclock\ise, 
With the best agreement for a= 30° to 48* (12). 

‘The second set of observational data that we 
‘used to constrain the orientation of the local in- 
tersillar magnetic fiek! was the streaming ions 
the termination shock. Vi crossed the 
‘mination shock at 94 AU in December 2004 and 
snow beyond 100 AU in the heliosheath (1,2, 14), 
V2 is already detecting signs of the upcoming 
shock (2, 75) and is expected 10 cross the ter= 
‘mination shock within the next 110 2 years In 
‘mid-2002, VI began observing enhanced inte 
sities of ions streaming from the shock (16, 17). 
‘The beams of enengetic termination shock par= 
ticles (TSPs) were streaming outward along the 
solar spiral magnetic field. The strong upstream 
‘TSP beams were observed much of the time until 
VI crossed the shock at 4 AU. The streamit 
along the magnetic field upstream of the shock 
source was expected to be inward along the spiral 
field if the termination shock were spherical 
However, the observed flow was outwanl a 
the field, requiring a shock source located 
along the spiral fel several AU closer tothe Sun 
than is V1. With a nonspherical shock, V1 could 
be connected to the temination shock along 
‘magnetic field lines that erossed the termination 
shock and ernssed back to the supersonic solar 
‘ind This led to the sizgestion thatthe upstream 
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beaming resulted froma blunt (8) or asymmetric 
shock (2), The asymmetric shock could result 
from an interstellar magnetic field inclined in a 


ppanicular direction (9, 0). tna recent report (3). 
Wwe showed that an interstellar magnetic field in 


Figure 2 shows that for Bjsyy parallel to the 
HP, the longitude of the MD point (the mini- 
mum radial distance of the termination shock to 
the Sun) is greater than the longitude of VI. 
the TSPs will stream outward along the spiral 
field, Inthe heliospheric southem hemisphere the 
ongitude of V2 is greater than that of the MD 
point of the shock, so the TSPS will stream 
inwant toward V2, as is observed. However, for 
Bysax parallel the GAL, the MD in the northem 
hemisphere shifts to smaller longitude than V1, 
‘so that the TSPs would stream inward toward VI, 
“oppasite to what is observed. 

In this calculation we did not include the 
neutral hydrogen atoms that interact ith the io- 
nized component by charge exchange. Although 
the inclusion of the ncutral atoms will tend to 
ssymmetrize the solution and quantitatively aflect 
the degree of ayymmetty the general character of 
the asymmetry is expected to remain the same, 
ith the plane of symmetry of the distorted hetio- 


pause determined by the plane of the local inter 
stellar magnetic fie (2/, 22), Thus, it would be 
expected that different orientations of the local 
interstellar magnetic field would result in the 
‘same qualitative differences in the predicted radio 
source locations and streaming directions of up- 
stream ions as described here. On the basis of 
those differences, and assuming that the source of 
radio emission is the region where the field 
draped on the hetiopause is perpendicular to the 
radial direction, we find from Voyager observa- 
tions that the plane of the local interstellar mag- 
netic fel! is not parallel to the GAL but is 60° t0 
90° from that plane (rotated clockwise from a 
view from the Sun), This suggests that the fick 
‘orientation in the Local Interstellar Cloud differs 
from that of a larger-scale interstellar magnetic 
field thought to parallel the GAL. 
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Ultralow Friction of Carbonate Faults 
Caused by Thermal Decomposition 


Rachee Han,"* Toshihiko Shimamoto, t Takehiro Hirose,"¢ Jin-Han Ree,” Jun-ichi Ando” 


High-velocity weakening of faults may drive fault mation during large earthquakes. Experiments on 
simulated faults in Carrara marble at slip rates up to 1.3 meters per second demonstrate that 
thermal decomposition of calcite due to frictional heating induces pronounced fault weakening 
with steady-state friction coefficients as low a5 0.06. Decomposition produces particles of tens 

‘of nanometers in size, and the ultralow friction appears to be associated with the flash heating 
‘on an ultrafine decomposition product. Thus, thermal decomposition may be an important process 


for the dynamic weakening of faults. 


he sirength of seismogenic faults, which is 

| frictional resistance to ful slip during 
arthquakes, has been a major subject of 

debate in fiult mechanies for 30 years (. 2). 
Although the stress-heat flow paradox. for the 
San Andreas fault (no heat-flow anomaly. 
‘contrary to the prediction from in situ stress 
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measurement and laboratory data of rock friction) 
favors extremely low fault strength (3,4). reasons 
for the Weakness have been unclear. Recent work 
has shown that the dynamic weakening of faults 
during seismic slip can be caused by mechanisms 
such as frictional melting (5-9), thermal pressur- 
ization (10-13), and silica-gel formation (/4, 
Fault gouge was also shown to exhibit pro- 
nounced slip weakening at high slip rates (/6), 
presumably because of flash heating (73), Some 
es have predicted that slip-weakening dis- 
tance, over which the initial peak friction drops to 
steady-state dynamic friction (8, 12), and fracture 
energy (/3, 16) ate of the same onder as those 
‘Parameters that are determined scismologicall 
narrowing the gap between laboratory studies of 
fault mechanics and seismology. Modeling the 
‘generation of lange earthquakes is now becoming 
‘possible on the basis ofthe measured mechanical 


the dynamic weakening of faults may explain the 
lack of heat-low anomaly after earthquake 
events long the San Andreas fail. 

Thermal decomposition of wock-forming min- 
cerals at high ambient temperature an! pressure 
‘can dramatically lower the strength of rocks be- 
‘cause of the buildup of pore fluid pressure and 
theassociated reduction of effective nonal stress, 
provided that the sample is effectively undrained 
(U7), Even at shallow crustal tevels- with low 
ambient temperature, thermal decomposition may 
‘occur at an elevated temperature because of 
coseismic frictional heating along fault zones. 
We demonstrated that a carbonate fault can lose 
fictional strength almost completely because of 
the thermal decompasition of cakite causal by 
fictional heating during high-velocity {fiction 
experiments on Camara marble at seismic slip 
rate. 

Forty-two fiction experiments were con- 
ducted on precut bare surfaces of a pair of solid 
cylindrical specimens of Carrara marble (9% 
ccaleite) at room temperature and room humidity 
The experiments were carried out at normal 
stresses of 1.1 13.4 MPa and at equivalent slip 
rates of 0.03 10 1.30 ms", with a rotary-shear, 
high-velocity fiction apparatus at Kyoto Univer- 
sity (/8). The diameter and length of the speci- 
men were 21.8 10 24.8 mm and about 20 mm, 
respectively (/9). Because there isa slip-rate gra- 
dient across the fault due to cylindrical specimes 
geometry, we use the tem “equivalent stip rate” 
Clip rate” or “velocity” hereafter) (7, 18, 19). 
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At different slip rates (Fig. 1A), the friction B 
coefficient of the specimens decreased nearly o7 
‘exponentially from peak friction, jp to nearly ube Nownal stress =7:3 MPa 


steady-state friction, jn (20), wth increasing dis- 
placement. The slip-weakening distance ranged 
from a few fo several meters, The ty decreased 
markedly fom 0,6 to a range of 0.04 10 0.11 


03 

Sion iene npr i 1) ic pj 

fiction law holds for both peak and stcady-state £02] . 

friction, yielding yp of 0.60 = 0.01 and jig of or Hos ° 

(0,06 » 0.01 (Fig. 1C), This ip value is more or less oq D 

typical for marble (0.4 to 08) from conventional 002 04 08 08 1214 
Sip-rate (m 5 


slow slip-rate (<1 mm 5) experiments (2/). But 
Hos at a high slip rate (1.1 to 1.2 mms) was ex- 


tremely low. In contrast, ig valves remained high 
(0.46 10 0.63) at slow slip rates (0.03 100.08 ms"). 

Microstructural observations. and electron 
probe microanalysis of deformed. specimens 
were conducted on thin sections nomnal 10 the 
fault and parallel vo the slip direction. We started 


c 
Fig. 1. Frictional properties of simulated faults in 


Carrara marble at subseismic to seismic sip rates. (A) 
Friction coefficient versus fault displacement for five 
runs conducted at diferent sip rates and at a normal 


‘The dashed black rectangle shows an example of the 
range of data used for the estimation of steady-state 


Sip-rate=1.14-1.18ms! 


g 
stress of 7.3 MPa (except for HVRS22 at 4.9 MPa). i 


‘experiments with precut surfices of Carrara mar- friction. (B) ji plotted against the slip rate for 10 
be, but gouge zones formed very quickly on runs conducted at a normal sess of 7.3 MPa. Vertical « 
both sides of the slip surface, which nearly co Bars show the SD of ji, Ghown only when the SD is 6 
incides with the precut surface (Fig. 2A). Sam- _ gFeater than the box size). (C) Shear stresses plotted o 2 4 6 8 0 Ru 
ples were collected from the slip surface for against normal stresses at peak and steady-state fric- ‘Normal stress (MPa) 

tion at slip rates of 1.14 to 1.18 m s™*. Open squares 


<= 0.06 (2001) O» 


obser is with a fiekd-emission scanning clee- 
thon micone (FE-SEM) and a tanereseion 2nd cles indicate il peak fiction and steady-state ficon, respect. The pes ofthe ines give 
electron microscope (TEM) and for x-ray dif- frictional coefficients at peak and steady-state friction. x, shear stress ay, normal stress, 


faction (XRD) 
vealed that the gous y eatly 
stage of displacement (<2 m), when the outer and 
inner zones of gouge consist of ealkite and Kime 
(CaO) andior hydrated lime [CaOH)p}. espec- 
Lively. In the host rock adjacent tothe fault gouge, 
fincturing of calite grains occured, and the size 
‘of caleite fragments decreased toward the slip 
surfice to become calcite gouge. Cakite ther- 
rally decomposes into lime and CO> gas at 
about 720 10 900° 3), andthe Hime ean be 
transformed to hydrated lime by absorbing 
moisture when it is exposed to the atmosphere, 
‘Thus, thennal decomposition of eakite occurred 
ery early stage of slip. 

riclures Were present over a wide 
decomposition zone between the decomposition 


Me ats 


fronts (DFs) (Fig. 2A); those fractures must have D — Uncetonmed mero 

increased permeability. The decomposed zone con- — Predeates ; 

sisted of granlike aggregates ranging from about Feta 3 lee hsnanet 

100 to a few hundred nanometers in diameter — Hvnsz2 (49 Ms, 0.06°m 8!) 

(Fig, 2B), but cach aggregate was composed of 88 30] {e768 

ultrafine grains that were several to a few tens of x6} . 4 

hanometers in size (Fig, 2C and fig, $3). Calcite 24 +48], 

decomposition. wee contime ‘ir gpecimens a1 F 2/10 ade 
slip rates (0.4 m s-'), but ne evidence of Eola @1o7° 


decomposition was present in a specimen de- 


med ata slow slip rate of (08 ms (run num 
ber HVRS22: compare XRD cusves in Fig. 2D), baceicat a oat on} 
We did not recounize glass of amorphous mate gig, 2. Textures and decomposition products in fault zones. (A) A cross-polarized light photo- 


rial in any of the specimens (Fig. $3). 

‘To determine the timing of decomposition 
with respect to the slip-weakening behavior, we 
measured the emission of COs released fiom a 
deforming sample by using two solid eleetrolyte- 
type CO2 sensors (/9). Sensor 1 (without a filter) 
was set very close to the fault (about 30 mm 


micrograph of a thermally induced decomposition zone developed in Carrara marble, deformed at a slip 
rate of 1.30 ms“ and at a normal stress of 4.6 MPa (HVR39B, total slip = 125 mb). DFs are between 
the wall rock and the decomposition zone. Slip was highly localized along the surface denoted by “stip 
surface." (B and ©) SEM and TEM photomicrographs, respectively, illustrating microstructures of the 
lime (C20) aggregates on the slip interface. (D) XRD spectra of an undeformed specimen, a preheated 
specimen, and specimens deformed at different conditions. Diffraction intensity is shown in 1000 x 
counts per second (cps) on all vertical axes. 
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away) to detect the onset of decomposition. It 
{00k about 0.9 to 1.0 for this sensor to begin to 
detect COs. Sensor 2 (with a filter) had an initial 
response time of about 2 s and a 90% response 
lime of ~90 s. This sensor was used to deter- 
imine the total amount of CO emission. At a 
high normal stress (12.2 MPa) and the largest 
stip rate (1.17 m5, Hp of about 0.6 dropped to 
Has OF about (404 (Fig. 3A), Sensor 2 showed a 
‘continuous increase toward a CO, concentration 
‘of about 29,000 parts per million. This concen- 
tration roughly agrees with the expected emis- 
sion of COp from the volume of decomposed 
calcite that was estimated on photomicrographs. 
The output from sensor I showed a reduction of 
CO} concentration after the end of a run because 
‘of dissipation of concentrated CO2 near the fault 
(Fig, 3A). The first detectable output from sen- 
sor 1 Was recognized at 1.0 5 (Fig. 3B), The ini- 
tia response time was 0.9 to 1,05 for this sensor, 
so there must have been an emission of COs 
almost immediately after the onset of stip (24), 
Another run at a lower slip rate (0.17 ms") and 
‘ata normal stress of 9.8 MPa also indicated that 
the sip weakening was concurrent with the ther- 
mal decomposition of ealcite (Hig. S4). 

"Thus, fault in Carrara marble clearly shows 
pronounced slip weakening at high slip rates 
While undergoing calcite decomposition along 
the stip surface, This means that a fault ean bo 
come very Weak as a result of frietional heating 
‘caused by itsown motion, Such dynamite weaken- 
ing should destabilize fault slip and foster the 
_zeneration of lange earthquakes (/3). We next 


addres the question of what causes such a 
Pronounced weakening of a fault. One may 
‘consider that a buildup of pore pressure in fault 
‘zone owing to the release of CO2 eas is the most 
likely cause for fault weakening. To test this 
possibility, we conducted a critical experiment 
using preheated and decomposed specimens of 
(Carrara marble (eft in an oven at 900° t0 904°C 
for 1.5 hours). We quantitatively confirmed com- 
pte decomposition by measuring weight Loss 
after heating and by XRD analyses (Fig. 2D). 
‘The decomposed specimens coukl no longer emit 
COp gas (19), The behavior is markedly similar 
‘between faults in Carrara marble and in decom 
‘posed specimens (Fig. 4), We have not measured 
the permeability of the decomposed zone in mar- 
ble yet. But fractures in the decomposed zone in 
Fig. 2A suggest that the permeability of the de- 
composed zone is large enough for COs 10 6% 
‘cape and to prevent the buildup of high pore fui 
pressures. Enhanced permeability during the d= 
hydration of serpentinite at elevated ambicnt 
temperature (not Jue to frictional heating) Was 
also confined recently (25) 

These results indicate that the weakening. is 
attributed not to COs pressure but to the low fic 
tional strength of newly formed ultrafine time 
grains. Among other possibilities, frictional meh- 
ing can be immediately removed because calcite 
decomposition occurs before melting. Also, CaO 
imeking would be unlikely because its: mehing 
Temperature (-2572C} is much higher than the 
teamperatures recorded atthe slip interface. Indewd, 
Wwe did not detect any glass or amomphous mate- 


oun ot 


Time(s) 


ss we a 
Tene (s) 


Fig. 3. Monitoring of CO, gas emission and temperature measurement. (A) Friction coeffident and outputs 
from two CO, sensors plotted against time. Sensor 1 (without a ite) a quickresponse sensor for detecting 
the onset of CO, emission, and sensor 2 (nith a filter) i a slow-response sensor for monitoring the amount 
‘of emitted C2. V, slip rate. (B) Enlargement of (A) for the first 5 s of sip, with an output only from sensor 
1 showin with mechanical data. The timing of peak friction and the first detectable change in output from 
sensor 1 are indicated by artows. Vertical gray bars in both (A) and (B) indicate the response time of sensor 
1 (about 1.5). (© Friction coefficient (blac, slip rate (blue), and temperature measured with a radiation 
thermometer (red) plotted against time in HVRSI1. which was conducted 3t about the same sliding 


condition (normal stress and slip rate of 12.1 MPa and 1.18 ms 


respectively) as that in HVR6O1. (D) 


Enlargement of the decreasing slip-rate phase of the experiment after turning off the magnetic clutch in (C). 
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rials in fault zones (fig. S3). Wrinkle-ike pulses or 
normal separation of a fault along a bimaterial 
imerface (26) is also unlikely hecause there is 0 
‘material contrast across fault in our experiments 

In view of the existing data, we considered 
that flash eating (/3) at interfaces of ultrafine 
particles is critical for pronounced weakening of 
ccurbonate fault. The weakening by flash heating 
for transient local heating at asperity contacts has 
been proposed to occur via local melting at 
asperity contacts and/or by strength degradation 
of asperity contacts at submncting temperatures 
(23), The latter case is more likely for decom- 
pesed caleite because lime has a very high melt- 
ing temperature. However, exact deformation 
mechanisms along sliding asperity oF grain con- 
tacts sill remain to be explored. 

‘To demonstrate the importance of tempert- 
ture rise during high-velocity sliding, we measured 
the temperature along the fault ofthe specimens 
(Fig, 3, C and D), using a radiation thermometer 
(79, 27) during a run conducted at about the same 
sliding condition as that in HVRGOL, The ther- 
momicter measured an average temperature higher 
than $50°C over an area of 0.4 mm in diameter 
‘with a fast response time (<0.1 5). The measured 
temperature reached a maximum of 9S0°C at 30 
(high enough for calcite decomposition) after at- 
taining about 650°C during the first 9 (Fig, 3C), 
‘The local temperature at siding asperities should 
bbe higher than the measured surface temperature 
even inthe early stage (<9 5), in view ofthe COs 
mission data (Fig. 3. A and B), The friction and 
thermal evolution in the final stages of the 
experiment are very interesting. After the speci= 
‘men was disconnected from the motor, fault sip 
docelerated and stopped in about 3 s (Fig. 3, C 
and D), Friction increased at an accelerating rite 
a the temperature fell The inverse relation be= 
‘ween friction and temperature strongly suggests 
that the immediate strength recovery could be 
related 10 rapid drop in temperat 

‘The simulated thults of Carrara marbke exhibit 
Jower fiction than docs the Nojima fault goue, 
although their overall behaviors are similar (/6). 
A possible reason for this difference is a very 
effective production of ultrafine grains that are 
tens of nanometers in diameter (Fig. 2C) by a 


crinary (3.7 MPa. 118m") 


pre-heated (3.9 MPa, 1,14 ms) 


2 4 6 8 0 2 4 6 
Fault displacement (m) 


Fig. 4. Comparison of frictional behavior of a 
fault in Carrara marble (ordinary) and a fault in 
preheated and completely decomposed specimens 
of Carrara marble. 
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decomposition reaction (no time for grain growth 
during seismic-fault motion), The process may 
be similar to the eases of intemnediate- to doep- 
focus earthquakes, for which the formation of 
ultrafine reaction products may play a decisive 
role in earthquake generation (28). Other gouge 
materials have to undergo grain comminution to 
form ultrafine grains, which requires extra work 
in fault zones, resulting inh mn. For slip 
‘on faults in Carrara marble, understanding fic- 
tion between nanometer-scale particles seems to 
be key for delineating the exact mechanisms of 
the dynamie weakening of faults, 

Our results have important implications for 
‘earthquake geology and fault mechanics. Masked 
decomposition weakening may be a widespread 
Phenomenon, because fault gouges commonly 
contain sheet silicate minerals that decompose 
‘event at lower temperatures than that for eakite 
decomposition, although thermal decomposition 
‘of sheet silicates may be followed by frictional 
melting 2%. Also, thermally inxluced decom 
Position may leave geological evidence (other 
than pseudotachylytes) of scismic-fauk slip, con 
trary to geologists’ opinion that faults do not pre- 
servea recond of cise slip, except forthe small 
age of faults containing pscudotachylyte 
(30), Indeed, we have shown that coseismic de- 
‘composition of siderite produces a stable mineral, 
magnetite (37), Thus, the clear demonstration of 
thermal decomposition during seismic slip opens 
Uup a new series of investigations in integrated 
fault and earthquake studies 
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GRACE Gravity Data Constrain 
Ancient Ice Geometries and 
Continental Dynamics over Laurentia 


M. E, Tamisiea, *t J. X. Mitrovica,? J. L. Davis* 


The free-air gravity trend over Canada, derived from the Gravity Recovery and Climate Experiment 
(GRACE) satellite mission, robustly isolates the gravity signal associated with glacial isostatic 
adjustment (GIA) from the longer-time scale mantle convection process. This trend proves that the 
ancient Laurentian ice complex was composed of two large domes to the west and east of Hudson 
Bay, in accord with one of two classes of earlier reconstructions. Moreover, GIA models that 
reconcile the peak rates contribute ~25 to ~45% to the observed static gravity field, which 
represents an important boundary condition on the buoyancy of the continental tectosphere. 


five-air gravity anomaly (FAGA) over 

Laurentia (/) and the perimeter of the an- 
cient ice complex that covered the region led to a 
fong-hekd view that the perturbation largely 


T: similarity between the geometry of the 
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reflected incomplete GIA in response 10 the ice 
age (J-4). In this case, the seismic high-velocity 
anomaly underlying the continent (5) would be 
interpreted as a neutrally buoyant, chemically 
distinct continental rot, in acoord with the teto- 
sphere hypothesis (6). In contrast, forward anal 

es of GIA andor mantle convection aimed 
fiting the peak anomaly (7-9) have concluded 
that GIA isresponsible for only ~10 0 ~30% of the 
total signal, In this scenario, the seismic anomaly 
Would be sociated with active downwelling flow 
that drives a dynamic depression, and gravity low 
‘on the overriding craton. Simons and Hager (0) 
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have, on the basis of GIA. modeling combined 
‘with an analy 
the Laurentian gravity fick, proposed an inter= 
‘mediate scenario in which GIA and convection 
contribute roughly equally to the observed signal 

The characteristic time scale of GIA (a few 
thousand years) is orders of magnitude shorter 
than that of convective flow. Accordingly. 
Mitrovica and Peltier (4) suggested that con- 
sideration of the time rate of change of the 
smavily fick! would, when it became available, 
provide a robust method for isolating the GIA 
signal, The trend fild would also provide finer 
spatial resolution of ice-sheet history than the 
slatic fick. Observational constraints on gravity 
trends from land-hased surveys in Hudson Bay 
exist (1, 12), bull these ane too sparse 10 ae 
‘curately constrain the regional (and peak) GIA 
signal, Recently, measurements obtained by the 
GRACE satellite mission (/3) have reached suf 
ficient time span 1 yick! useful constraints on 


regional gravity trends. Our goal is to make use of 


the GRACE data to constrain the GIA signal and 
thas test the suite of published models for the 
dynamics of the Laurentian craton, We also use 
the GRACE-drived maps of gravity rites to ad- 
stress a century-long debate concerning the geom- 
try of late Pleistocene ice cover over the region. 

We use monthly Center for Space Research 
(CSR) RLOI GRACE solutions for the geod, 
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spanning April 2002 10 April 2006, Our analysis 
procedure (4) adopts a truncation. at spherical 
harmonic degree and onder (and m, respectively) 
‘070, applies standard approaches to smoothing 
(Gaussian with a $00-kin radius) and destriping 
the solutions to reduce satellite errs, and 
Yields estimates for parameters goveming the 
in-and out-of-phase annul, trend, and constant 
terms and their errors. We calculate the geoid 
height anomaly rates from cach solution on a 1° 
by 1° grid, The result, over Laurent, is shown 
in Fig 1 

Previous applications of GRACE dats have 
focused on rates associated with hydrological 
processes (/3}, and the standard approach in 
such eases is 10 convert the geoid height rates to 
ges in equivalent water thickness. With 
respeet 10 the spherical hannonic expansion, 
‘each term is multiplied by 2/ + 1 (75), thus ac- 
ccontuuting higher degree and onder terms (and 
their associated error), The signal associated 
With GIA is largely due to the motion of mass 
Within the Earth’s crust and mantle, as opposed 
to variations of surfice and groundwater mass. 
In this application, or indeed in studies of sa 
face observations related to mantle convection, 
ood rates are commonly converted to trends in 
the FAGA, In this case, a multiplicative factor of 
1-1 is applied (76) to each term in the spherical 
harmonic expansion, which aets to shift power 
to shorter wavelengths. Smaller-scae features in 
the FAGA are therefore emphasized relative to 
those in the geoid, 

Our GRACE-derived map of the FAGA 
trend over Laurentia (Pig. 2A and the associated 
error estimate in fig, SLA) unambiguously 
indicates that the ancient ice complex that once 
covered the region had a muidomal structure 
Specifically, doylaciation centers are apparent in 
regions to the west (Keewatin) and east (nirth- 
‘em Quebec) of Hudson Bay. The broal-scale 
geometry of the Laurentide fee Sheet at the Last 
Glacial Maximum has been the source of long- 
standing debate [see (17) for a review of carly 
work]. Before the mid-20th century, recon- 
structions of Laurentide ive cover generally in- 


06-03 00 03 06 09 12 15 18 


Goold Rate (myn) 


Fig. 1. Observed time rate of change of the 
‘geoid over Laurentia from CSR RLO1 GRACE solu 
tions from April 2002 to April 2006. 
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cluded ice domes over Keewatin and northem 
Quebec, but this view was superseded by the 
monodomal model advocated by Flint (/8) on 
the basis of an analysis of gravity data, Sub- 
sequent studies, in particular the detailed goo 
‘momphological analysis of Dyke and Prest (/9), 
retumed 10 the multidomal (ic. ice domes over 
Keewatin, northem Quebee, and the Foxe Basin 
{just south of Baffin Island) model, although the 
ICE-3G (17) and ICE-AG (20) global ice-sheet 
reconstructions, based on both geological and 
‘geophysical data, were once again characterized 
bby a largely monodomal Laurentian complex. A 
recent revision to these global models, ICE-SG 
(21), motivated in part by crustal motion data 
in Yellowknife and ground-based gravity mea- 
surements along a transect including the west 
coast of Hudson Bay (/2), involved a major 
ice dome over Keewatin and a smaller ice center 
in nonhem Quebec, in qualitative accon! with 
the Dyke and Prest (/9) reconstruction, Our re- 
sus strongly support the multidomal Laurentide 
ice geometry advocated by Dyke and Prest (/9) 
and allow us to reject the monodomal mode. 
GIA iss not the only process contributing to 
the observed rate fickds. Interannual variations in 
hydrology, mass loss from Greenland Kee Sheet 
and Alaskan glacier fickds, and errors in th 
‘ocean model of Hudson Bay could all contribute 
to the observed signal. In an attempt to account 
for hydrology. we have calcubsted the rite over 
the same time period from the Gkobal Land Data 
Assimilation System (GLDASYNoah hydrol- 
‘ogy data set (14, 22). This correction is small 
in tems of the total signal observed in the 
region, but it slightly decreases the local max- 
imum value of the observed FAGA rate west 
‘of Hudson Bay and moves the location of this 
‘peak rate farther north (Fig. 2B). In an attempt 
to reduce the contamination from mass loss of 
1¢ ice fields, this paper focuses on compar 
isons of forward predictions of GIA with the 
observed FAGA in a region bounded by lon- 


gitudes ]HO°W to 85°W and latitudes SOPN to 
‘TO°N (indicated by the area within the black 
fine in Fig. 2B), Possible errors due to ocean 
variability in Hudson Bay are part of an on- 
going study 

We adopt the following procedure to esti- 
mute the contribution of GIA to the static FAGA 
cover Laurenta. First, we use standard numerical 
Simulations of the GIA process to generate a 
model (or set of models) that provides a good 
fit to the rate map in Fig. 2B. We next use this 
‘model to predict the static FAGA and then com 
pare this prediction to the GRACE-derived static 
ficld within the bounded region. tn all eases, we 
apply the same smoothing, destriping, and har- 
‘monic truncation to the GIA. mode! predictions 
that were used to analyze the GRACE observa- 
tions (14), 

Our GIA predictions are based on spherical- 
Jy symmetric, self gravitating Maxwell viseo- 
clastic Earth models with elastic structure given 
by the Preliminary Reference Earth Model (23). 
We assume an elastic lithosphere of 120-km 
thickness (the predictions are insensitive 10 
reasonable variations in this choice) and a radial 
Viscosity profile characterized by isoviscous 
‘upper and lower mantle (UM and LM) regions, 
‘The boundary between these regions is taken at 
670-km depth, and the viscosities above and 
below this interface are foe parameters denoted 
bby vuacand vias respectively. We tse the global 
ICE-SG ice history (2/) and solve for a gravitae 
tionally self-consistent ocean load 

Figure 3 shows the reduced 72 misfit be- 
‘ween predictions of the geoid and FAGA rate 
fields over Laurentia and the associated GRACE 
observations [Fig. 1 (with the hydrological sig- 
nal removed) and Fig. 2B, respectively). Good 
fits (24) to the data are generally obtained for 
models with viaq values between 2.5 © 10 and 
4 = 107 Pa s and vuyt values between 3 = 10°" 
and 1 = 10"! Pas. A second set of models 
characterized by vuy, above 6 * 10" Pa s and 
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Fig. 2. (A) Rate of change of the FAGA from CSR RLO1 GRACE solutions from April 2002 to April 
2006. (B) Same as (A) but with an estimate of the hydrological contribution derived from the 
GLDAS/Noah data set (22) removed. The thick black line encloses the region used for the com- 
parison of the forward GIA models with the observed fields. This region was chosen in order to limit 
contamination from ongoing ice mass variations in Greenland, Alaska, and British Columbia, as 
well as hydrological mass variations across the rest of the North American continent. 
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via greater than 3 * 107? Pa s also yields rel- 
atively low 72 values. Two sets of solutions of 
this type are common in studies of present-day 
GIA observations. A weak lower mantle asso- 
ciated With the first class of models initially 
adjusts quickly and thus reaches close to equi- 
librium since the end of the deglaciation, where- 
aas.a stronger lower mantle (in the second class of 
models) adjusts slowly throughout the loading 
eyele. We can rule out the higher mantle vise 
esity models on the basis of independent analy 
ses of postglacial decay times in the Hudson Bay 
region (20 ‘The minimum reduced 7° misfit, 
for the FAGA rate (Fig. 38) observation, is ob- 
tained by the model with vuya= 8 = 107 Pa sand 
vem = 3 © 10" Pas, 

‘Next, we tur tothe static FAGA fick. In this 
cease, our GRACE-derived (Fig, 4) estimate is 
bused on the CSR GGMO2S solution (26), Note 
that this static fiekd shows a single lange anom- 
aly with peak amplitude of 4 mGal (where 
1 Gal = 107 ms tered over Hudson Bay 
and, as discussed above, a geometry that is less 
reflective of the morphology of the ancient ice 
‘complex that covered the region, Our next sep 
is to predict the "AGA field duc to GIA 
With the use of the same Earth model that best 
fits the FAGA rate (27), Figure 4B shows the re- 


1" — 


i 


sikual field generated by removing this GIA pre 
diction from the observed! atic field (Fig. 4A). 
Classically, peak estimates of the GIA pre- 
diction and the static FAGA observation, which 
do not necessarily occur at the same location, 
have been compared to determine the relative 
contribution of GIA to the observed field. The 
application of this procedure indicates a GIA 
contribution of ~38% (or -13 mGal) to the ob- 
served peak. 

As noted, a range of GIA models provides 
similar fits to the GRACE-dlerived rates (Fig. 3), 
Therefore, we repeated the above analysis for a 
lange suite of models within this range and, in 
«cach case, we computed the GIA contribution to 
the static FAGA. In addition, we also considered 
the impact on this contribution (and on the 
prefered set of models) of emors in the hy- 
drology model and variations in the parameters 
xoveming the GRACE dati analysis leg. 
destriping and Gaussian smoothing (/-4)]. These 
{ests mapped out a possible range in the GIA. 
itribution to the static FAGA field of ~25 
~45% Thus, the continental root be 


Laurentia is contributing. via a convectively sup- 
ported dynamic depression of the craton, to the 
FAGA ficld. This range is intermediate as com- 
pared to estimates by Simons and Hager (10), 


Fig. 3. (A) Reduced 7 residual between GIA predictions of the geoid rate and the observed field 
(Fig. 1) on a 1° by 1° grid within the region bounded by the thick black line in Fig. 2B. The GIA 
models are distinguished on the basis of the adopted vym and vig values, and the grid of dots 
indicates the set of models used to generate the contour lines. (B) Same as in (A) but for the FAGA 


rate field. 
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who argued for a 30% contribution from GIA, 
and other studies that have concluded that GIA is 
44 minor contributor to the static field (7-9). In 
any case, although chemical heterogeneity in the 
continental wot beneath Laurentia is compen- 
ssting for thermal buoyancy. the cancellation 
implied by the tectosphere hypothesis is not sup- 
ported by our analysis of the GRACE-derived 
gravity field 
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The Role of Wheat Awns in the 
Seed Dispersal Unit 


Rivka Elbaum, 


Liron Zaltzman,’* Ingo Burgert,* Peter Fratzl** 


The dispersal unit of wild wheat bears two pronounced awns that balance the unit as it falls. 
‘We discovered that the awns are also able to propel the seeds on and into the ground. The 


arrangement of cellulose fibrils causes bending of the awns with changes in humidity. Si 


fied 


hairs that cover the awn allow propulsion of the unit only in the direction of the seeds. This 
suggests that the dead tissue is analogous to a motor. Fueled by the daily humidity cycle, the awns 


induce the motility required for seed dispersal 


wns and other appendages on the seed 
dispersal unit of plants aid in dispers 
ing the seed to a germination site (1-3). 


Hairs, wings, and hooks influence the route of 
seeds from the mother plant to a surface by’ wind 
oF animal dispersal [phase 1 dispersal (4). Hy 
roscopically active awns propel seeds on the 
ground throu 
thus, mainly affect the movement of the seed 
after it reaches the resting surfice [phase I dis 
porsal (4)]. The nature of the soil affects the abil- 
¢ site. Li 
dispersal units are more easily buried in coarse 


ity of the weds to locate sa 


particle soils, where the lumps are simil 
to the dispersal units. On finer-grained 

ong the soil surfie (7), Seeds 
dant in struc 
stable 


tend to move 
ative avyns are more abu 


bearing 
tured soils, meaning soils that contain 


tes of different sizes, 
pethaps because the seeds are easily anchored, 
‘Unawned small soeds are prevalent in fight sana 
soils, where they are trppex, mainly by random 
movement of earth, Seeds equipped with passive 
avyns are evenly abundant in both environments, 
With a preference for stable porous soils (%, 9), 
These observations do not confomy 10 the pre: 
diction made by Chambers et af. (7) that langer 
seed dispersal units will be trapped preferential 
ly in soils of large panicle size, which su 
that passive awns may interact with the s 
mechanism yet unknown, 

To find the specific features that may support 
we studied awns of wikl and 
ted tetraploid wheat lines [Triticum 
turyidun ssp. (10)). Thin cross. sections and 
oblique se amined by scanning electron 
microscopy showed two photosynthetic 
surrounded by cells that pro 
support to the awn (Fig. 1). Th 
mon to passive awns of wheat and other crops 
(UD. A silica 
surface of the epidennis (1/) (Fig. 2A), covering 
separated papillae and hair cells (ig. St). This 
form of tiling creates a surface that is mechan. 
ically both hard and tough, 0 interact with the 


system of pores and aggre, 


fer is deposited on the extemal 
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soil. The hairs are 0.1 to 0.2 mm long and point 
the tip of the awn. More hairs are found 
‘on the ridge surface, f from the dis- 
pensal unit axis (Fig. 1), Back-scatiered electron 


images of the supporting tissue showed no evi 
dence for structural or compositional differ: 


nces between the cap and the narrower ridge. 

12 acoustic microscopy 
acoustic impedance contrast in 
the same sample, related to variations in stiffness 
(Fig. 28), The impedance at the ridge was about 
110th that at the cap. To support this findin 


Wwe measured the local eflective Young's modu. 
us at the cap and at the ridge using a nan 
ation probe, At the ridge, the reduced 


10.0 = 2.8 GPa (n= 16% 


ulus of 20.5 = 2.6 GPa tn 
the upper range of spruce wood [7 to 
(/2)], Wheat stems were studied by a f 
bending test, with reported Young mou 
about half of those we obtained at the rid 
[4.76 10 6.58 GPa (1), Nano-indentation mea- 
sures the cell walls specifically and is in- 
sensitive to voids in the underlying tissue, so it 


hy 


7), corresponding 10 


values 


is likely to yield higher values than 
ests, 

To understand the difference in stiffness be- 
tween the cap and the ridge, we first checked 
Whether lignin is more abundant in the cap. We 
rejected this hypothesis, as staining by astra 
bluc-saffanin indicated an even distribution of 
lignin in the eross section (fig. $2). Next, we 
checked whether changes in the cellulose orien- 
tation contribute to the observed variation in 
stiffness (14), It is well known that in the sec 
ondary wall of wood cells, cellulose microfibrils 
are winding helically around the ecll, The tilt 
angle of the fibrils with respect to the cell axis, 
usually called microfibril angle (MFA), de 
termines the siiflness of the wood cell. Specit 
ically, when the cellulose MEA in diflerent wood 
types decreases from S0° to $°, the cornsponding 
Sifliness is known to inerease fiom 1 t0 14 GPa 
(12, 15), We used widesangle x-ray seatering 10 
measure the MFA in different regions of the 
nvns (/0), We found that the cellulose fibrils are 
very Well aligned along the long axis of the awn 
in the cap, with a MEA close to zero (Fig, 2C), 
At the ridge, the fibrils were found 10 be ran- 
domly oriented (Fig. 2D), similarly to the paren 
chyma of the wheat stem (/6), However, this 
act 


structure characterizes only the lower part of 
the awn, close to the seed. At the upper part, the 
cellulase was found to be aligned both at the 
Fidge and at the cap, 

We suy 


estan active role to this structure 
in the seod dispersal unit, The wo different 

nents expand differently” at 
ambient humidity conditions, similar to the 
mechanism of seed explosion in the Acantha 
ceae capsule (77) and the opening of pine cone 
scales (18), Water molecules that adsorb to the 
Jong crystalline cellulose fibrils will not make 


cellulose arrang 


Fig. 1. (Left Illustration of the wild wheat plant (Triticum turgidum ssp. diccocoides) and two dispersal 
Units (not to scale). Each dispersal unit caries two pronounced awns that balance the dispersal unit as it 
falls. A scanning electron micrograph in the back scattering mode of a section through a wild wheat 
‘avn is shown on the right. The section is taken from the lower third of the awn and is oriented in a way 
similar to the rectangle drawn over the bottom dispersal unit. The different tissues are indicated by 
arrows. The cap and ridge are facing in the same direction along the awn. 
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them longer but will cause a lateral expansion xenerally expand only Iateally, except for the work like a musele: expanding in length with 
by swelling of the noncrystalline hemicelluloses lower part of the ridge, where the fibrils are not humidity, pushing the awns together, and con- 
between the crystallites. Thus, the awns will aligned but are randomly oriented. This part will tracting with drying, pulling the awns apart. Such 

ans of 
‘wild wheat (7. turgidtum ssp. diecocoides), goat 
grasses (Legilops ssp.) and Bromus ssp. but i 

1 for dispersal was not known (/9). 

of the awns, we scanned 
the relative humidity of the air between 0.1 and 
0.9 at 30°C and followed the change in the dis- 
tance between the two awns on the same dis- 
pessil unit (Fig. 3 and movie $1), The 
bent ata point about 2 cm above the seed, 
corresponding to the location of the randomly 
criented cellulose crystals. Above this position, 
xno bending was observed, in agreement with 
the finding that the cellulose crystallites were 
aligned throughout the eross section, In print 


om z 5 ciple, the elongation of the lower ridge relative 
Fig. 2. Structural features of the lower part of the wheat awn. (A) Silica deposited at the epidermis, {5 the cap may also induce Wwistine of the 


epidermal papillae, and hairs (inset) is detected on a polished sample by a scanning electron racture tather than bending, but we heliove 
microscope in the back-scattered mode. Silica tiles stiffen the epidermis and protect the structure ht the shape of the cross section with & wile 
as it interacts with the soil. (B) The differential stiffness between the cap and the ridge is Oo" fun i" a halt mon (Fig 2B), may 
demonstrated by an acoustic impedance map (1 by 1 mm field, brightness level is correlated to [iP “Wail Me A I! MM WM“ ). 
the relative impedance) Wide angle xray scattering patterns ofthe crystalline cellulose atthe cap‘ erwin andl cras jot muverncrt 
(©) and at the ridge (D) suggest that the difference in stiffness is created by different organization wal bearsmpeliscy ae i glia 
(of the fibrils in the two regions. ar eke comme pes os He 
ns which resembles the swimming stoke o 


fing legs, Most interestingly, there is a humidity 
cycle in the natural habitat of the wheat in the 
dry period aller the seeds ripen; during the « 
the air is dry, but at night, as the temperature 
goes down, humidity rises. This suggests that 
the awns may provide the motility required for 
sced dispersal, as was shown for the hygroscop- 
ically active awns (/), 

To propel the seed on the soil surfice, prom 
inent triction forces must exist. This is most 
likely supplied by the silicified epidermal hairs 
that couple the unit to the soil in a ratchet man 
net. As the awns bend, the hairs slide on the soil 
particles, allowing movement only in the diree- 
tion of the seed (Fig. 3), The rough soil lumps, 
which often contain silicates, ane probably not 
able to burnish 
even aller sev 
ment. In this way, the seed is pushed into the 
soil and, thus, is protected from predators, ex- 


J protrusions 
awwns’ move- 


sced will have a beter chance of g 


tafe she To show he ably of the sood ds 
jpessal unit 10. propel, we placed it horizontally 
on a felt cloth, which entangled the epidermal 

abe Sh Deen eens 1G tars As we cycled the lative ar humidity, the 
t dispersal unit moved in the direction of the seod 
iayese T= night te Ti day ume (movie S2\ An Wencal doin i reseed a 


Fig. 3. The principle of the dispersal unit movement. (Top) The average distance (+ SD) between "7 0f domesticated wheat, even though their 
the awns of four dispersal units is presented versus relative humidity (rh. of the surrounding air, _fucion was lost during the domestication pro- 
(Bottom) One cycle in the humidity-driven movement of the awns. (I) shows the seeds and part of | $5: the seeds do not disperse spontaneously 
the awns immersed in sol, The red arrow indicates one ofthe silica hairs. (I) Because of increased The short evolutionary time since domnestica- 
humidity, the awns straighten. The silica hairs lock the awn and prevent an upward movement. As ation (about 10.000 years) probably allowed the 
consequence, the seed has to move downward by a distance d, indicated in (1), to account for the complete loss of awns in several domesticated 
increased length projected onto the vertical. (I) After drying, the awns bend again, which shortens wheat lines, but not the altcration of the awn 
the length projected onto the vertical. Because the silica hairs are locked into place, the seed structure. 

Cannot move back upward, and the awns are drawn further down into the soil (see the silica hair The wheat dispersal unit scems to be op- 
marked by a red arrow). Hence, the net movement of the seed in one cycle corresponds tod. timizal wo multiply the spaces in the environment 


oe 
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‘ofthe Fertile Crescent with long dry summers and 
short rainy winter seasons. As a self pollinating 
‘annual that grows in dense stands, long-distance 
dispersal would not improve survival. The local 
surroundings of the mother plant shoukd be suf 
ficient 10 support the next generation as well. 
However, the place where the seed falls may be 
less ideal than a nearby location. ft was shown 
that active awns are able to propel seeds on the 
ground for several centimeters (6). We suggest 
that the paired passive awns of wheat are also 
able to move the seed along the soil surface, 
as well as vertically, for burial, The movement, 
based on a unique amangement of cellulose 
fibrils, is fueled by the daily changes in air 
humidity. The pointed epidermal hairs break the 


promoting faster burial. This system increases 
the chances of the seed to germinate and to 


‘and may increase the likelihood: 
stand to proliferate 

‘The understanding of this seed dispersal 
mechanism may help in developing new con 
cepts in weed control, The microscopic mecha 
nism found to provide motility o the seed may 


also serve as a model in biomimetic materials 
rewarch. Indeed, a lydration-dependent bending 
movement was recently reported in an artifi- 
cial system consisting of nano-silicon columns 
‘embedded ina hydrogel film (20). From a mech- 
anisic point of view, we have discoverad a 
device formovement that is composed of passive 
elements. Locomotion is provided by a volume 
containing nonoricnted cellulose crystallites that 
shortens on drying and pulls the awn fike a mus- 
cle. The energy source for this active movement 
is the daily cycle of air humidity. 
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Positive Regulation of Itk 
PH Domain Function by Soluble IP, 
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Pleckstrin homology (PH) domain~mediated protein recruitment to cellular membranes is 


‘of paramount importance for signal transduction. 


The recruitment of many PH domains is 


controlled through production and turnover of their membrane ligand, phosphatidylinositol 
3,4,5-trisphosphate (PIP). We show that phosphorylation of the second messenger inositol 
1,4,5-trisphosphate (IP3) into inositol 1,3,4,5-tetrakisphosphate (IP) establishes another mode 
‘of PH domain regulation through a soluble ligand. At physiological concentrations, IP. promoted 
PH domain binding to PIPs. In primary mouse CD4°CDB* thymocytes, this was required for full 
activation of the protein tyrosine kinase Itk after T cell receptor engagement. Our data suggest that 
1g establishes a feedback loop of phospholipase C~y1 activation through Itk that is essential for 


T cell development. 


(PH) domains play a 
ing by recruiting signal 
ansducing proteins wo cellular membranes, 
For example, T cell receptor (TCR) signaling in- 
duces the rceruitment of phospholipase Cyl 
(PLC-y1) and the Tee family protein tyrosine 
Kinases Ik and Tee via binding of their PH do- 
mains tothe membrane lipid phosphatiilinostol 
3.4.Srisphosphate (PIP3). This allows the Tex 
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kinases to phosphorylate and activate PLC-y1, 
Which subsequently produces the second mes- 
sengers inositol 14.Sarisphosphate (IPs) and 
cerol (DAG) (/). Recruitment of PIP;- 
1 ins is believed to be controlled 
bby PIPs generation and tumover. Here, we show 
that IPs phosphorylation into inositol 1.3.4.5- 
Aetrakisphosphate (IP.) by IPs 3-kinase B (lipkB) 
‘generates a soluble PH domain ligand that reg- 
ubstes PH domain binding to PIPs in vivo. At 
physiological concentrations, IP, promotes. Ik 
recruitment 10 PIP. In thymocytes, this is es- 
sential for full activation of Itk and its effector 
PLC-y1. Thus, IP, acts as an important “thin! 
messenger” in vivo, 

IipkB™ mice are severely immunocompro- 
mised and lack mature T eels because of a block 
(oF T call development at the CD4°CD8" douible- 


positive (DP) stage in the thymus (2, 3). At the 
DP stage, potentially useful thymocytes ane 
Positively selectad to develop into mature CD4 
&€ CDS single-positive (SP) T cells Potentially 
aulorsative or nonfunctional thymocytes. are 
deleted (J). Positive selection is. mediated by 
TCR engagement, resulting in PLC-/1 activa- 
tion, Its prexlucts IP, and DAG mobilize Ca? or 
activate the RaseErk pathway, respectively (1.4. 
Surprisingly, TCR-induced IPy accumulation 
and Ca? release were normal in ttpkBs 
thymocytes (2, 4), but Erk activation was. se 
verely perturbed (3, 5) (fi. S1A). 

Nommal proximal TCR signaling (ig. SUB) 
suggest a defect downstream of LAT (linker of 
activated T cells), an adapter protein that binds 
Ik and PLC~y1 (6), To identity the most prox- 
imal defect cuusing perturbed Ras-Etk activa 
tion, we examined DAG production, TCR induced 
DAG accumulation sas. strongly reduced in 
pkB™ DP cells Fig. 1A), Morcover, TCR- 
induced PLC-1 activation was strongly. but 
incompletely reduced (Fig, 1B and fig. SIC). 
Thus, defective Erk activation in lipkB~ cells 
likely results from impainal DAG-<ependnt Ras 
sxctivation. In support of this view, transgenic over- 
expression of the DAG effector RasGRPI. fail! 
to rescue IipkB” thymocyte development (fig. 
SID), but treatment with the DAG analog 
phorbol 12-myristae 13-acetate (PMA) rescued 
Esk activation in IipkB~~ cells (3), Furthermore, 
Jow-dse PMA rescued CD69 up-regulation on 
lipkB~ DP cells in vito (Fig. 1C) and induced 
substantial development of mature, HSA®™ SP 
thymocytes in IipkB™ neonatal thymic organ 
cultures (Fig. 1D), Thus, impaired DAG pro- 
duction duc to reduced PLC=y1 activation is a 
‘major component of the maturational defects in 


wave sciencemag.org 


upkB™ thymocytes. These results reveal a specif 
je requirement for DAG in thymocyte positive 
selection and suggest that IpkB is required for 
DAG production by PLC-y1 

We next addressed how [ipkB regulates 
PLC-y1. The inability of catalytically inactive 
ItpkB to rescue T cell development from lipkB™ 
bone marrow (fig. S2) demonstrated that its cat- 
alytic activity is required. Normal IP) accumula- 
on in ItpkB”~ thymocytes (2. 3, 5) (lig. $3) 
suggests that IPy is the key lipkB effector. The 


PH domain of the close Ik relative Buk, a PLC-y 
activator in B cells, binds IPy in vitro, Whether 
ik can bind Py is unclear (5, 7-9). We found 


that wikltype but not PH domain-rmutant tk 
bound to PIPs- oF IPs-coated beads in cell 
cestcts (fig. S4A), which suguests that lik could 
act as an IPs effector, Indead, endogenous Ik 
bound to PIPs- oF P-coated beads in thymocyte 
Aysates (Fig, 2A), Stimulation with antiboxties 10 
CD3 and CD4 transiently increased Ik bind- 
ing wo both PIP3- and IPy-coatea! beads (Fig. 2), 
Which suggests that TCR stimulation coukd in- 
‘duce an Itk conformation with higher affinity for 
PIP, and IPy. Secondary PIP, pulldowns from the 
supematants of primary PIPs or IP precipita- 


A . DAG Production 
pablo OF 
© 54 Bint-c oF 
8. 
5 
es 
By 
By 
Fy 
0 
a er rr 
CD3 Stimulation 
c 
®) WitpkBo/* OP 
hos oP 


Media COS” PMA 
‘Stimulation 


tions did not precipitate additional Itk (Fig. 2A), 
Thus, PIPs and IP, levels were not limiting, and 
IP,-coated beads could quantitatively deplete the 
cellular Ik poo! capable of binding PIPs. 

In contrast to wild-type cells Itk interactions 
with PIP,-coated beads were unalacted by TCR 
stimulation of fipkB~~ DP cells (Fig. 2B). Thus, 
TCR-augmented Itk binding to PIPs depends on 
IP, production. PIP, is believed to be concen 
trated at sites of TCR engagement (10), Consist- 
cent with defective PIP, binding, beads coated 
With antibodies to CD3 and CD4 ort» CD3 alone 
induced the translocation of green Muorescent 
Protein (GFP)-tagged Itk to bead contact sites in 
controls, but not in ItpkB™ DP thymocytes 
(Fig. 3, A and B). By contrast, LAT enrichment 
‘wax indistinguishable (Fig. 3B). As in Jurkat cells 
(JD, PH domain deletion abogated 1tk enrich- 
ment even in wildtype cells (Fig. 3C). Consti- 
Tutive membrane lecalization through addition 
‘of a myristoylation motif restored recruitment 
even of PH domain deficient Itk in willaype 
and IipkB™ DP thymocytes (Fig. 3C), Thus, IP 
is required for TCR-induced Itk recruitment. 

Defective localization should prevent the as- 
sembly of It into adapter protcin complexes con 


B_owuct DP. 
C3 CD34 — CDS COs4 


—— ha 


Fig. 1. Impaired DAG production and PLC~y1 phosphorylation in Itpk8™ thymocytes. (A) DAG content in 
ItpkB"”* o itpkB* DP thymocytes stimulated with an antibody to CD3 & shown as relative change 
(SEM) versus unstimulated samples at 15 s, 30 5, 1 min, and 5 min after stimulation. (B) Immunoblot 


analysis of PLC-y1 activation, monitored via Tyr’® 
‘complex—deficient (MHC) versus ItpkB~ DP thymocytes. The blot was reprobed with an antibody to Ras 


phospharylation (28), in major histocompatitiity 


sa loading control. Data are representative of three independent experiments. (Q IipkB** or pk 
thymocjtes cultured overnight with medium, with beads coated with antibody to CD3, or with PAYA (1 ng) 
were assessed for CD4, CD8, and CD69 surface expression by flow cytomety. Shown are percentages of 
CD69" DP calls from four independent experiments (2SEM). (D)itpkB~ or ItpkB“~ neonatal thymic lobes 
were cultured with medium or PMA (0.1. ng/ml) for 4 to 5 days, followed by medium for 2 day, and 
analyzed. Top: TCRyé~ gated CD4 and CDS profiles. Bottom: Heatstable antigen (CD24, HSA) 
‘expression on CD8 SP T cells. Data are representative of three independent experiments. 


yowsciencemag.org 


SCIENCE VOL 316 


REPORTS. [ 


taining LAT and the tk substrite PLC- 
Ince, small amounts of ik and LAT 
coimmunoprecipitated from wild-type DP thymo- 
ytes, but not fiom ftpkB”- cells (Fig. 3D), More- 
‘over, Itk interactions with PLC-y1 were strongly 
reduced, consistent with the decreased! PLC 
1 activity in lipkB™~ cells (Fig, 1B and fig. SIC 
By conirast, coprecipitation of LAT and PLC-y 
1 was largely IPeindependent (Fig. 3D), LAT 
binding is required for tk activation (6), Consistent 
with impaired LAT binding, Ik activation was 
strongly reduced in pk DP cells stimulated 
\with antibodies to CD3 and CD4 (Fig. 3E), Thus, 
IP is required for Ik recruitment to LAT and tk 
activation, Because IPs had no substantial eflect on 
tik kinase activity in vito (Hig, SAB), its ole in 1k 
activation in T cells likely reflects its requirement 
for Itk membrane recruitment through PIP, 

‘We therefine examined the etfect of exogenous 
IP, on PIPs interactions with Itk. Sun 
we found that addition of 1Py at physiological 
concentrations reported for TCR-stimulated T 
cells (/2) augmented Itk binding to PIP, (Fig. 4, 
A and B). This augmentation occurred ev 
With Itk PH domain fragments in cell extracts 
(Fig, 4, C and D) oF ina purified in vitro system 
(Fig, 4E), Thus, {Ps augments PIPs binding to 
the Ik PH domain alone, independent of other 
domains oF of the activation state of Ik, At very 
high concentrations, IPs inhibited PIP, binding 
Regioisomerie inositol 1.24, 


101807101005 


Fig. 2. TCR stimulation induces a transient, Pye 
ependent increase in tk binding to PIP,. (A) 
{ysates from wildtype DP cells unstimulated (0 min) 
or stimulated with antibodies to CD3 and CD4 (1 or 
5 min) were precipitated with beads coated with 
PAP, or IP, or with antibody to Ik, followed by im 
‘munablot analysis of Ik content. Where indicated, 
‘supernatants from primary precipitations were incr 
bated with additonal PIP,-coated beads or antibody 
to tk for secondary precipitation of unbound Ik. (B) 
lysates from ItpkB”* or ItpkB” DP thymocytes, 
either unstimulated or stimulated with antibodies to 
{€O3 and CD4, were analyzed for Ik binding to PIP, 
3 in (A). Quantification below lanes indicates rela- 
tive change versus unstimulated controls. 
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or inositol 1,4.5,6-tetrakisphosphate had no 
effect on Itk binding to PIPs (Fig. 4, A and E), 
Py augmentation is PIPs-spec 
to phosphatidylinositol 4,5-bisphospha 


Itk-GFP 


~ Eg 


phosphatidylinositol 3.4-bisphosphate 


(PIP2) and striking. Several potential mechanisms could 
be envisioned (fig. $6), In one model, IP bind- 
induces a PH domain conformation with 


ty for both IP4 and PIPs, Excess PIPs 


APH Itk MyrAPH Itk 


“Sapray apa 


MC ipo = MO Tx MHC Tpke MAO igre 

3. IPs is requited for Ik recruitment and activation. (At D itkIP _LATIP © iene tone 

oF ltpkB thymocytes nucleofected with wild-type (tk), PH 7 Z " 
domain-deleted (APH I, oF myréstoyated PH domain-ddeted — "OAB“*NPKB tex pKB* — OPP ie 
(MytAPH Ik) Ih-GFP or LAT-GFP fusion protein constructs were DE ——OP. _DP_ DP. 016016 mn 
exposed to isotype control (Ctrl) beads or to beads coated with O07 O1071 min Lee = ~pltk 
antibodies to CD3 and CD4 orto CO3 alone and anazed by contol gs eg es PLO 
microscopy. (A) Representative images of topologically comparable ee tk 
complexes [dichroic images, differential interference contrast (O10) wet 
reveal GFPAK accumulation at the bel contac ste fr com tt i) Re 


trols (MHC™) but not for ItpkB™ cells, (B) and ( show mean 
localization indices (2SEM; m= 10 to 40). Statistical significance 
(Students ¢ test: *P < 0.084, “P < 0.016, "*P < 0.0001. Data are 
representative of three independent experiments. (D) Itk and LAT complex 
formation in tpkB“* or itpkB* OP cells stimulated with antibodies to CD3 and 
CDA, as assessed by immunoblot analysis of tk or LAT immunopreciptates. LC, 

ymunoglobuin ight chain, () Ik immunopreciptates from tpkB™* or RpkB™ 
OP thymocytes stimulated with antibodies to CD3 and CD4 were assessed for 


Fig. 4. IPs augments tk 
PH domain. binding to 
PIPs. (A) Wildtype OP 
thymocyte lysates. were 
incubated with PIP) 
coated beads with or 
Without IPs oF inositol 
1,2,45-tetrakisphosphate 
lins(1,2,4,5)P4), fol- 
lowed by. immunoblot 
analysis of bound th 
Tec, GAPI®", or PLC. 
(B) Quantified data in- 
dicate relative change 
versus IPe-free controls 
(SEM). Data. are repre- 
sentative of three inde- 
pendent experiments. (C 
and D) 2937 cell sates, 
expressing Myc- and His- 
doubletagged Itk PH 
domain fragments were 
incubated with PIP) 
coated beads with or 
without IPe and analyzed as above. (O) Quantified data indicate average 
relative change = range (1 = 2). (E) Purified recombinant GST-tk PH domain 
fusion protein was incubated with PIPs-coated beads with or without IP, oF 
inositol 1,4,5,6-tetrakisphosphate [Ins(1,4,5,6)Pq] and analyzed as in (A). (F) 
Immunoprecipitations with an antibody to Myc were conducted from 


LIP. Pidins(3.4.5)P, Ppt WCL 
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tk phosphoryation by immunoblot with antibody to Btk phosphorylated at 
‘and to Itk phosphorylated at Tyr (pltk) or control antibody to Itk (Itk), 
Immunoblot analysis of ZAP-70 phosphorylation and LAT expression in whole- 
cal lysates (WCL) indicates robust activation (pZAP-70) and equal loading (LAT, 
Data are representative of three independent experiments, 


—E 
Pidins(3,4.5) Pidins(3.4,5)P, Ppt 
seer, “Deanne pert 
——_ 


4 
wi, 


lysates of 2937 cells expressing Myc- and His-tagged (PH-Myc) or yellow 
fluorescent protein-tagged (PH-YFP) Itk PH domain fragments alone or 
together, or PH-Atye together with full-length Itk-GFP (FL-GFP) without or 
after addition of 10 uA IP, and were analyzed via SDS-polyacrylamide gel 
electrophoresis and immunoblot with an antibody to It. 
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at bead surfitces or sites of TCR figation then 
displaces the bound IPs (fig. S6A). The ability of 
soluble PIP; to modulate Ik binding to PIP3- 
‘coated beads with a dose response similar to that 
‘of IPs (lig, SS, C and D) is consistent with this 
“induced-fit_ mode.” An attractive alternative 
model is suggested by our finding that the Ik 
in aggregates with other Itk PH domain 
is oF full-length Ik in a manner una: 
fected by 10 jiM IP, (Fig. 4F). IP, binding to 
‘one PH domain might induce conformational 
changes in the other subunits that inerease their 
affinities for PIP, allosterically (fig. SOB). Future 
research will distinguish between the 
and conclusively determine the preci 
nism by which IP augments PH domain 
interactions with PIP 

‘Our results show that IP aets as an essential 
mediator of Itk and PLC-y1 activation and DA 
prexluction in DP thymocytes through tk r= 
cruitment to sites of TCR engagement (fig. S7). 
This 1Py function is essential for TCR signaling 
during thymocyte positive selection. Besides Itk, 
Jow-mnicromolar concentrations of IPy also aug- 
mented PIPy interactions of several other PIL 
domain proteins, including Tee and GAPI? 
(3. 13-15) (Fig. 4, A and B), In particular, IP 
ented PIP; binding of GAPI™” pit 
in fragments (ig. SSE). Dysregultion of 
al 1Py regulated PH domain proteins could 
explain the phenotypic differences between 
IipkB* (2, 3) and Itk~ mice (6). By contrast, 
PH domain dependent PLC-y1 binding to PIPy- 
‘coated beads was unaflccted by IPy (Fig. 4. A. 
and B), Thus, positive or negative regulation of 
PIP, binding through soluble IP may serve as a 
eneral mechanism that controls membrane 
recruitment of & group of PIPs-binding proteins 
ina specific manner Fig 4 and fig. S5) (76) I 
Will be interesting to detemniine whether defects 
in this mechanism of IP4 aetion contribute to the 
impaired B cell development and fi 
IipkB™ mice, as reported in (77), PIPy-binding 
proteins and 1Py exist in all eukaryotes, Thus, 
Py modulation of PH domain finetion likely 
has global implications. 
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Obesity is a serious international health problem that increases the risk of several common 
diseases. The genetic factors predisposing to obesity are poorly understood. A genome-wide search 
for type 2 diabetes-susceptibility genes identified a common variant in the FTO (fat mass and obesity 
associated) gene that predisposes to diabetes through an effect on body mass index (BMD. An 
additive association of the variant with BAI was replicated in 13 cohorts with 38,759 participants, 
The 16% of adults who are homozygous for the risk allele weighed about 3 kilograms more and had 
1.67-4old increased odds of obesity when compared with those not inheriting a risk allele, This 
association was observed from age 7 years upward and reflects a specific increase in fat mass. 


besity is a major cause of morbidity and 
mortality, associated with an increased 
‘isk of type 2 diabetes mellitus, heart dis- 
‘ease, metabolic syndrome, hypertension, strok 
and certain forms of cancer. It is typically me 


sured clinically with the surogate measure of 


body mass index (BMD, calculated as weight di- 
Vided by icight squared. Individuals with a BMI 

2S hyn are classified as overweight, and those 
with a BMI 30 ky/nf are considered obese. The 
prevalaice of obesity is increasing worldwide 
probably as the result of changed lifestyle. In 
2003-2004, 66% of the U.S. population had a 
BMI > 25 ke/nt, and 32% were obese (/), 

‘Twin and adoption studies have demonstrated 
that genetic factors play an important role in 
influencing which individuals within a popu- 
lation ane most likely to develop obesity in 
sponse toa particular environment (2), Hower 
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sespite considerable effons, there anc, as yet, 0 
«examples of common genetic variants far which 
there is widely replicated evidence of asso 

a with obesity in the general populat 


children with severe, young-onset 
ty (3), butas this severity of obesity is only 
scon in <0.01% of the population, these muta- 
tions are rare in the general population. Recent 
tempts to identify gene Variants predisposing 
to common, polygenic obesity have proven con- 
Initial reports of promising associa- 
tions between common variants in the GAD2 
(4-7), ENPPL (5.8, 9yand INSIG2 (9-12) genes 
and altered BMI have not been widely replicated, 

Obesity is a major risk factor for type 2 dine 
betes, and variants that influence the develop- 
ment of obesity may also predispose to type 2 
diabetes. As part of the Wellcome Trust Case 
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‘Control Consortium (WTEC), we recently com- 
pleted a genome-wide association study com 
paring 1924 UK. type 2 diabetes patients and 
2938 U.K. population controls for 490,032 auto- 
somal single-nucleotide polymorphisms (SNPS) 
(Wellcome Trust Case Control Consortium), SNPs 
inthe FTO (fot mass and obesity associated) gene 
region on chromosome 16 were strongly asso- 
ciated with type 2 diabetes (ez 599939609, OR = 
1.27; 95% CL= 1.16 w 1.37; P= » 10), This 
association was replicated by analyzing SNP 
139939609 in a further 3787 type 2 diabetes eases 
and 5346 contols (OR = 1.15; 95% C= 1.09 1 
1.23; P= 9 © 10°), Analysis of BMI ay a con- 
tinuous trait was possible in the inital diabetes 
ceases and in all replication samples but notin the 
inital control samples. The dlabetesrisk alleles 
at FTO were strongly associated with increased 
BMI (Table 1). In the replication samples the 
association between FTO SNPs and type 2 
diabetes was abolished by adjustment for BML 
(OR = 1.03; 98% Cl = 0.96 10 1.10; P= 0.44), 
Which suggests that the association ofthese SNPs 
With T2D risk is mediated through BM. The 
major signal for association with BMI coincides 
perfoetly with that for type 2 diabetes, and 
159939609 represents a cluster of 10 S 
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‘the first intron of FTO that are associated with 
both traits (Fig. 1). All BMI-associated SNPs 
(P ranging from | * 100 | * 10°) are highly 
correlated with each other (7 fom 0.52 1 0) 
SNP 159939609 was used in all further studies, 
‘because among the cluster of most highly as- 
sociated SNPS it had the highest genoryping 
success ite (106). The HapMap haplotype 
map of the human genome) population fun 
cies of the 199939609 A allele ane 04S in the 
CEPH (Centre d’Etude du Polymorphisme 
Humain) Europeans, 0.52 in Yorubans, and 0.14 
in Chinese and Japanese. 


Fig. 1. Associations of, 
‘SNPS in the FTORIA1005 
region of ‘chromosome 
16 with (A) type 2 cia- 
betes using 1924 cases 
and 2938 controls and 
(B) adult Bit in type 2 
diabetic patients. (©) 
Linkage disequilibrium 
G7) between associated 
SNP 159939609 and all 
other SNPS in. Hapttap 
data in Caucasian Eso- 
ean samples. (D) Gene 
positions, 


> 


-log10 P for T2D 
association 


We studied the association of FTO gene vari- 
ation with BMI and the risk of being overweight 
and obese in an additional 19.424 white Europe- 
am adults from seven general population-based 
‘sudies (mean age 28 to 74 years, mean BMI 22.7 
to 27.2 ky’) and in 10,172 white European 
hikiren fiom two studies (mean age 7 10 14 
years, mean BMI 16,1 10 19.2 kg/m?) [ble St 
and supporting online text (13) 

Inall adult population-based studies, we found 
that the type 2 diabetes-asociated A allele of 
159939600 (frequency 39%) was associated with 
increased BMI (Table 1) with a median per-allele 


-Jogt0 P for BMI 
association 
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change of -0.36 kein? (range 0.3410 0.46 ken?) 
In each study, carriers of two A alleles had a 
higher BMI than heterozygote individuals; when 
\Wecomparal the additive model toa general model 
in each study. there was no consistent evidence 
for departure from an additive model. Because 
there was no evidence of heterogencity (= 0%) 
‘across the adult studies (14), we combined them 
using the inverse variance method to pool con- 

nuouss data (Z scores) and the Mantel-Haenszel 
mcthod for binary data. Each additional copy of 
the 199939600 A allele was associated with a 
BMI increase of a mean of 0.10 Z-score units 
(95% Cl = 0.08 w 0.12; P= 2» 10), equiv 


alent to ~04 ke/m®. When these data were com- 
bined with those from the case-control samples (a 
total of 30,081 participants), the statistical con- 
fidence of the association was further increased 
(P=3 95) (Table | and fig. S1). When we 
applied a Bonferroni conection forthe number of 
tests performed in the initial genome-wide scan 
(400,000), the association remained significant 
(P= 1.2» 10), This association was present in 
adults ofall ages (Table 1) and of both sexes (i. 
SiBand SIC), with no difference between males 
and females (P= 0.13). 

Although BML is a continuous tat, standard 
are used to assess the burden of in- 
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creased body weight on health, Hence, we as- 
sessed whether the inheritance of the F7O SNP 
159939609 altered the risk of being either 
overveight or obese compared with beit 
normal weight (<25 kg/m’). In all the studies, 
the A allele was associated with inereased odds 
of being overweight (Fig, 2A) and also of bei 
obese (Fig, 2B and table S2), In a meta-analysis 
of the population-based studies, the per 
allele odds ratio (OR) for obesity in the adult 


general population was 1.31 (05% C1 = 1.23 10 
P= 6» 10"; for overweight, it was 1.18 
(95% Ch = 1,13 w 1.24; Pe Ls 10°), Wh 


pasticipants from the type 2 diabetes ease and 


Table 1, Association of BAM with 159939609 genotypes, corrected for sex, in type 2 diabetes cases from genome-wide and replication studies, control 
participants {rom replication studies, and adult population-based studies. P values represent the change per A allele, BMI presented as geometric 
means and back-transformed 95% confidence intervals, 


diss ‘Age, years Males ‘Mean BMI (95% Cl) by genotype Pp 
yy (mean, $0) (%) 7 ro Fry 
Type 2 diabetes 
UK cases (WICCO) 586(103) 58-1913 30.15 (29.69, 30.62) 30.47 (30.12, 30.83) 31.99 (31.39, 32.59) 8x10 
UK T20 Cases 59.2186) 58609 30.89 (30.12, 31.69) 31.14 30.51, 31.78) 33.46 (32.38, 34.58) 0.001 
UKT2D GCC Cases 64.1196) 57-2961 30.59 (30.24, 30.95) 30.96 (30.67, 31.26) 31.98 (31.48, 32.50) 3x10 
Combined T20 (F) 3x10" (15.6%) 
Nondiabetic controls 
EFSOCH 32.8156) 52-1746 24,50 (24.21, 24.80) 25.21 (24.95, 25.47) 25.41 (24,92, 25.91) 0.0002 
UKT2D GCC Controls, 588 (119) 52-3428 26,25 (26.02, 26.48) 26.34 (26.13, 26.54) 27.07 (26.71, 27.44) 0.001 
Population-based studies 
‘Adult 
AALSPAC (mothers) 2B4(47) — 06376 22.42 (22.28, 22.56) 22.73 22.61, 22.85) 23.27 (23.03, 2351) 3.x 10°" 
NFBC1966 (age 31) 31 48 4435 24.12 (23,94, 24.31) 24.43 (24.26, 24.60) 24.82 (24,53, 25.12) 5x 10% 
Oxford Biobank 40.6162) 55 765—25.48 (25.02, 25.94) 25,36 24.95, 25.78) 26.43 (25.70, 27.17) 0.09 
Older adult 
Caerphilly 56.7 (45) 100 1328 26.10 (25.80, 26.40) 26.48 (26.20, 26.76) 26.69 (26.11, 27.28) 0.03 
EPIC Norfolk 59.7(9.0) 47 -2A2S_ 25.87 (25.63, 26.11) 26.20 (25.99, 26.42) 26.61 (26.22, 27.01) 0.001 
BWHHS 68.8(55) 0 «3244 26.77 (2651, 27.02) 27.33 27.09, 27.56) 27.58 (27.17, 28.00) 0.0002 
IncHIANTI 743 (69) 45-852 26.99 (26.53, 27.47) 26.99 (26.61, 27.37) 27.84 (27.23, 28.46) 0.06 
‘Combined population 2% 107 (0%) 
studies (F) 
‘Combined population 1x 10 (0%) 
and control studies U*) 
All studies (2) 3% 10 (0%) 


Table 2. Association of BAM (corrected for sex) and birth weight (corrected for sex and gestational age) with 19939609 genotypes in children. P values 
represent the change in log BMI per A allele. BAM presented as geometric means and back-transformed 95% confidence intervals. 


Males ‘Mean trait value (95% Cl) by genotype 
Cohort Age (years) (amy 7 = 7 Pp 
CChildren* 
ALSPAC 7 51 $969 16.00 (15.92, 16.07) 16.11 (16.04, 16.18) 16.31 (16.19, 16.43) 3.x 10 
8 50 4871 «16.80 (16.70, 16.90) 17.01 (16.92, 17.09) 17.29 (27.14, 17.45) 1.x 107 
9 50 $459 17.20 (17.08, 17.31) 17.53 (17.43, 17.63) 17.86 (17.69, 18.04) Sx 10" 
10 50 S273 17.66 (17.54, 17.79) 18.05 (17.94, 18.17) . 1x10" 
n 49 = 5010 18.46 (18.32, 18.61) 18.82 (18.70, 18.94) 19.20 (18.98, 19. 7x10? 
NFBC1966 (age 14) 1“ 47 4203.19.14 (19.02, 19.26) 19.25 (19.14, 19.36) 19.38 (19.19, 19.57) 0.04 
Birtht 
ALSPAC o 51 7477-3438 (3422, 3455) 3452 (3437, 3466) 3454 429, 3480) 021 
NFBC1966 o 4743203523 501, 3546) _—_3538(3518, 3558) 3536 @S02, 3571) oa 


*AISPAC cilen are offspring ofthe partcpartsiocaded inthe adult study (able, and data are shown at ive avallable ages. NFBCI9GE cilren are the same participants as those inthe 


adult study Table 2. 


‘ties. Nor-singleton births and individuals born at gestation <36 weeks were excluded from the bicth-weightanatss. 
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TALSPAC bit data are forthe same participants as those inthe children study. NFBCL966 bidh data ae forthe same patipants as those inthe children and adult 
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Fig. 2. (A and B) Meta-analysis plots for odds of (A) overweight and (B) obesity, compared with 
normal weight in adults for each copy of the A allele of 159939609 carried. (C and D) Bar charts 
showing (C) DEXA-measured fat mass in 9-year-old children and (0) DEXA-measured lean mass in 
9-year-old children, both from the ALSPAC study. Error bars represent 95% confidence intervals 
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control studies were included, the magnitude of 
the association was unchanged, although the 
Statistical confidence increased (obesity: OR 
32: 95% CI 1.26 10 1.39; P= 3» 10; over 
weight: OR = 1.18; 98% CI= 1.14 to 1.23], P 
10°), Individuals homozygous for the A 
allele at 159939609 (16% of the population) are 
at substantially increased risk of being over- 
ht (OR = 1.38; 95% C1= 1.26 w 1.52}: P: 
4 = 107M) or obese (OR = 1,67: 95% C1= 1.47 
10 1.89; P= 1» 10°) compared with those 
homozygous for the low-risk T allele (37% of 
the population). The extent of the variance in 
BMI explained by 159939609 was 1%, and the 
population attributable risk was 20.4% for abe- 
sity and 12.7% for overweight 

Childhood obesity is also increasing rap- 
idly worldwide and is a cause of considerable 
eoncem (/5), To determine the age at which 
the association of FTO SNP 159939609 with 
BMI first becomes evident, we analyzed two 
lange bith cohorts for which suitable measures 
were available from birth 10 early adolescence, 
These included 7477 UK children from the Avon 
Longitudinal Study of Parents and Children 
(ALSPAC) cohort who had anthropometric 
measures at bith and at 7, 8, 9, 10, nd 11 years 
fof age and 4320 children from the Nosthem 
Finland 1966 birth cohort (NFBC1966) with 
binh measures as well as height and. weight 
available at 14 years, 159939609 was not 
associated with bith weight (Table 2) or ponderal 
index at birth (able S3A) in either cohort. In 
chiklnon from the ALSPAC study, eich copy of 
the 159939609 allele was associated with an 
increase in BMI by 0.08 Z-score units (98% C1 
0.04 10 0.1 3 = 10%; 0.2 kyim?) at age 7, 
an association maintained up to the most recent 
assessmentat age 11, when the perlite inewease 
was 0.12 Z-score units (95% C1 = 0.08 10 0.16; 
PT 10°: 0.4 kai?) (Table 2). Atala 
the A allele was associated with an inereased tisk 
of childhood obesity (e.g.. OR per-A allele at age 
11 years = 1.35: C= 114, 161; P= 6 = 104) 
and of being overweight (ex. OR per-A allele 
tage I years» 1.27:CL= 1.1610 1.39 P= 2 
10°), asdetined by age-specific BMI (table $2), 
Inthe Finnish cohort, each copy of thers9939609 
allele was associated with an increase in BMI 
by 0.05 Z-seore units (95% C1 = 0,003 to 0.09; 
P= 0.04; ~0.1 kg/m?) at the age of 14 years 
(Table 2), We conclude therefore that F7O SNP 
159939609 is not associated with changes in 
fetal growth but is associated with changes in 
BMI and obesity in children by the age of 7, 
changes that persist into the prepubertal period 
and beyond, 

BMI is a convenient surmgite measure for 
obesity, but it may be influenced by changes in 
bight, hone mass, and lean mass, as well as 
adiposity. We used additional anthropometric 
measurements available in the study samples 10 
address this issue. In all population-based co- 
hort, he 159939608 A allele wasassociated with 
higher weight (overall perA allek 
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0.09 Z-score units: 95% CL= 0.07 to 0.11): P= 
4 = 10", kg in adults) (tables S3B and 
$3), but there was no difference in height (tables 
S3C and S3D). Consistent with this observation, 
We found evidence for higher waist circumfer- 
cence (overall per-A allele = 0.08 Z-score units; 
95% CL= 0.05 t0 0.11; P= 4 = 10%: =1 em) 
(table S3E) and higher subcutancous: mass as- 
sessed by skinfold measures (per-A allele dif. 
ference = 0.11 Z-scone units; 95% Cl = 0.06 to 
(0.16; P= 2 = 10) (table S3F), In the children 
from the ALSPAC study, dual-energy x-ray ab- 
sorptiometry (DEXA)-derived measures of fat 
mass and lean mass were available at age 9. The 
association of 159939609 A allele with weight 
\was almost exclusively attributable to changes in 
fat mass, with a perallele difference of 0.12 Z- 
score units (95% Cl = 0.08 10 0,16; P= 6 10%), 
equivalent to a 14% difference across the three 
iype groups) (Fig. 2C), Geriotype-related 
differences in lean mass were, in contrast, a 
modest (204 Z-scone units (95% Cl = 0,005 to 
0.08; P= 0.03), which is equivalent 10 a 1% 
increase across the three genotype groups) (Fig, 
2D), Therefore, the association of genetic varia- 
tion at F7O with BME result from longitudinal 
changes in fat mass that, on the basis of an- 
thwopometric measures, reflect both increased 
\waist circumference and subeutancous ft 

One important potential source of false- 
positive associations in genetic studies is popui- 
‘ion statifiation, We do not believe this is likely 
to be important in the association of the FTO 
SNP with BMI or type 2 diabetes. In all study 
‘cohorts, any individuals who were not European 
Whites were excluded. In axiition the cohorts 
\were all recruited from single countries, with the 
Iajority coming from specific small geograph- 
ically defined regions, and the analysis for asso 
ciation was done only within individual cohorts 
Analysis of the F7O signal does not support this 
‘association resulting from population stratifica- 
tion, In the original wenome-wide association 
study, the principal component analysis (76) im- 
plemented in EIGENSTRAT (17) made no dif 
ference to the evidence for association for type 2 
diabetes (P= 53.» 10° with EIGENSTRAT 
adjustment and $2» 10°" without), Similarly. 
adjusting for the 11 geographic regions didnot 
alter the significance of the F7O association for 
BMI (P = 9 » 10 adjusted: 8 * 10° unad- 
justed). The minor allele frequency of 139939609 
differs very little across our studies from Finkand, 
Italy, and many different regions in the UK rang- 
ing from 0,38 to 0.40 in all except the second- 
smallest study, where it was 0.44. We found no 
significant regional variation in allele frequency 
in UK type 2 diabetic patients, whether testing 4 
(P= O41) oF 11 (P= 0.22) xeographical regions 
‘of residence, For all these reasons, we do. not 
believe that stratification structure efleets provide 
a realistic interpretation of our findings. 

We have shown that common variation in 
the FTO yene is reproducibly associated with 
BML and obesity fom chikihood into old age 
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SNP 159939609 lics within the first intron of the 
FTO gene and, based on information from 
HapMap, is highly correlated (77 > 0.5), with 
45 additional SNPs within a 47-kb region that 
‘encompasses parts of the first two introns as 
Well as exon 2 of FTO. There are no features 9 
suggest that any of these SNPs represents the 
functional variant. Linkage disequilibrium be- 
tween the BMLassociated SNPs and other 
variants falls rapidly outside the 47-kb region, 
such that there are no SNPS comrelated at 7? > 
0.2 outside a 90-kb interval (Fig, | and fig. 
S2). Sequencing of 47 individuals selected for 
BMI > 40 ky? has revealed no clear candi- 
date functional variants in the FTO coding re- 
gion and minimal splice sites or 3’ UTR to 
explain the association (table S4). FTO is close- 
ly adjacent to a gene of unknown function 
KIAAIONS (Fig. | and fig. $2), which is tran- 
scribed in the opposite direction, This opens up 
the possibilty that genetic variation affects regu 
Jatory element for KLLAZ005; however, there is no 
‘obvious such variant within the 47-kb associatad 
region. We conelude thatthe 47-Kb intron within 
the FTO gene is most likely to contain the prodis- 
posing variant(s), but there is, at present, no clear 
‘genetic mechanisn to expkan how tis alters the 
function or expression of FTO, KIMAIO0S, or 
more distant genes. 

FTO is a gene of unknown function in an 
unknown pathway that was originally cloned as 
2 result of the identification of a fused-toe (F1) 
mutant mouse that results from a 1.6-Mb dele 
tion of mouse chromosome 8 (/8). Three genes 
of unknown function (Fis, Fim and Fro), along 
With three members of the Iroquois gene family 
(Urx3, fexS, and Irv from the IrxB gene cluster), 
are deleted in FY mice (18). The homozygous 
Fr mouse is embryonically lethal and shows 
abnormal development, including lefUright 
asymmetry (/9), Heterazygous animals survive 
and are characterized by fused woes on the 
forelimbs and thymic hyperplasia but have not 
been reported to have altered body weight or 
adiposity (/9). The fised-toe mutant is a poor 
‘moe for stucying the role of altered Fa activity, 
because multiple genes are deleted. Neither 
isolated inactivation nor overexpression of Fl 
has been described. 

We used reverse transcription PCR to assess 
the expression of FTO and KIAAIONS in a bus 
man tissue panel (8). FTO was found to be 
widely expressed in fetal and adult tissues, with 
expression highest in the brain (fig. S3A). The 
transcription start site of AJAA/005 lies only 
200 base pairs from the 3° end of FTO and ~61 
kb from the 47-kb interval containing the BMI 
associations. A714 1008 is also ubiquitously ex- 
pressed with relatively high levels in hypo- 
‘thalamus and iskt (fig. S3B). The similanty of 
expression profile between these two transcripts 
‘may indicate joint transcriptional regulation but 
does nat provide insights into which of the two 
genes is more likely 1 be involved. Further 
work with both knockout and overexpression 
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models of FTO and K/A41005 are likely to pro- 
vide the most fruitful approach to understanding 
the mechanism and pathways whereby these 
‘variants influence the risk of obesity. 
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Bat Flight Generates Complex 
Aerodynamic Tracks 


‘A, Hedenstrém,** L. C. Johansson,* M, Wolf,? R. von Busse,? Y. Winter,”*t G. R. Spedding* 


The flapping flight of animals generates an aerodynamic footprint as a time-varying vortex wake in 
which the rate of momentum change represents the aerodynamic force. We showed that the wakes 
‘of a small bat species differ from those of birds in some important respects. In our bats, each wing 
generated its own vortex loop. Also, at moderate and high flight speeds, the circulation on the 
‘outer (hand) wing and the arm wing differed in sign during the upstroke, resulting in negative lift 
‘on the hand wing and positive lift on the arm wing. Our interpretations of the unsteady 
‘aerodynamic performance and function of membranous-winged, flapping flight should change 
modeling strategies for the study of equivalent natural and engineered flying devices. 


and binds represent two independent 
Bes ry pathways solving the 

same problem: powered vertebrate 
Aight, The smaller species show similar wing 
momhology, kinematics, and Might speeds and 
‘operate at similar Reynolds number (1). How 
ever, the Wings of bats and binds also differ in 
some important respects. For example, the pri- 
ary feathers of a bird wing can be separated 
‘so ar ean passthrough as in a Venetian bind to 
produce a feathered (and aerodynamically 
inactive) upstroke. Although bat wing mem 
branes ean be actively stretched and collapsed 
(2). they probably cannot be made aerodyniam- 
ically inactive as easily as bird wing feathers. 
lapping wings generate trailing vortices con- 
taining information about the time-history and 
magnitude of the aerodynamic force produced 
during the wingbeat, and so wake vortices act 
asan aerodynamic footprint marking the pre 
‘ous passage of the animal through the ar (3-10) 
The equivalence of forces exerted between a 
solid object and the surrounding uid is a 
‘consequence of Newion’s laws and has long 
been exploited to estimate drag forces from wake 
momentum fluxes (17, /2), Similarly, fora lifting 
boxy immersed in a uniform Now of speed U the 
aerodynamic liftper unit of span can be written as 
L’ = pUT. where p is air density and Tis the 
circulation on the wing section. In the absence of 
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viscosity, vorticity and circulation are conserved 
acconling to Helmholtz’s laws, and so any 
change in aerodynamic force (and hence cireuls- 
tion on the wing) must be associated with the 
shedding into the wake of vorticity 
sign, whose circulation matches the 
the wing 

The wake vortices of three bird species have 
recently been studied in some detail across wide 
speed ranges (8, J0, 13), whereas those of bats 
have received comparatively litle attention (6), 
In the one qualitative study of airflows behind 
‘bats passing through a bubble cloud (6), the bats 
Were reported to generate single vortex loops 
from cach downstroke (with an inactive upstroke) 
at slow speed, whereas ata faster enusing speed, 
a pair of undulating vortices trailed the path of the 
\Wingtips throughout the wingheat, implying that 
the upstroke generated lift. However, kinematic 
studies show a wingtip reversal during the 
upstroke during hovering and slow speed in bats 
(/4-19), suggesting a reversal of the wing ci 
Jation during the upstroke, whose signature should 
be observable in the wake. 

‘We made a systematic and quantitative study 
‘of the variation in wake topology and relative 
down- and upstroke function with flight speed 
in a small nectar-feeding phyllostomid bat spe- 
cies, Glossophaga soricina. Athough detailed 
kinematics data are available for this species 
across a speed range from 1.2 10 7.5m’ (19), it 
is impossible to infer the wake vortex distribu 
tion from kinematics alone (19). The aim was 
also to test the hypotheses, based on kinematics, 
that (i) the backward flick of the wing at slow 
speeds, as inferred on the basis of kinematics, 
‘generates lift and thrust (/4, 16, 17, 19}: and Gi) 
that the negative angle of attack during the 
upstroke at moderate speeds generates negative 
Hit 4, 16, 19). Images of the wake were 


analyzed by means of a digital particle image 
velocimetry (DPIV) method, and the quantita- 
tive measures of wake vorticity and total circu- 
lation were used to deduce the magnitude of 
aerodynamic forces and construct the wake 
topology (20). 
‘We studied the wakes generated by two adult 
G. soricina individuals across the specd range 
$ to 7 mis [body mass, 11 g: wingspan, 
0.24 m; aspect ratio, 63 (2/); Reynolds number 
4 = 10° to 18 * 10°; Strouhal number 
10 0.81 (22)]. Two orientations of the 
mage plane were used: (i) a vertical streamwise 
plane aligned with the flow at three different 
Pesitions along the wing span (outer wing, inner 
‘wing, and midcbody), and (i) a crossstream 
plane aligned perpendicular the flow direction 
(Trefliz plane) 20 
We focus our presentation of the wakes on 
slow (1.5 rvs), medium (4 m/s), and high 
(6.5 mis) speeds, which cover the natural range 
of forward speeds (19, 23). AL slow spead (top 
row of Fig. 1), a stiong start vortex, formed at 
the beginning of the downstroke, can be seen 
across the span (red blobs at right in Fig. 1, A 
to C, marked 1 in Fig. 1A), At the transition 
from downstroke to upstroke, the wing goes 
through a large supination (pitch-yp rotation), 
so that the wing is Mipped upside down, AL this 
point, a combined stop-and-start vortex is shed 
(blue blob, left side of Fig. 1. A to C), During 
the upstroke, the wing moves backward faster 
than the forward speed, with circulation te 
versed, and the induced flow in the wake is 
primarily a backward-ditected jet, Thus, the 
rnct aerodynamic force is forward (thrust) and 
upward (ft). At the following transition from 
upstroke to downstroke, the wings pronate rap= 
idly (apitch-down rotation), to shed a combined 
start/stop vortex for the next downstroke, This 
startstop vortex (2 in Fig. 1A) appears above 
the previous one (1 in Fig, 1A) because the 
wake has convected downward in the interim 
Atthe higher flight speed of 4s illustrated in 
the next 1wo rows of Fig. I (panels D to F for 
downstroke and G to I for upstroke), the wake 
structure is quite diflerent. The downstroke gen 
rates a strong stant vortex (red patches in Fig. 1, 
Dio F), The corresponding stop vortex is weaker 
and more diflase, increasingly so as we move 
fiom outer wing (Fig. 1D) to inner wing (Fig. 1E) 
and body (Fig. 1F) image planes. Trace amounts 
of negative (blue) vonicty can be seen through- 
out the wingstroke. The associated induced 
velocity field (vectors in Fig. 1, D to F) shows a 
downwand- and backwant-directed momentum 
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jet whose reaction force on the wings will be lift 
and thrust through the outer part of the trailing wingtip 

At 4 mis, the upstroke generates lift as . Which has a flow curling upward around 
demonstrated by the downwant flow in Fig. 1, the trailing vortex. The transition fom lifting 
Hand |. As the wing is flexed on the upstroke, 


the outer wing image plane (Fig. 1G) now cuts 


Outer wing 


4 mis (Downstroko) 


4 m/s (Upstroko) 


4 iv’s (Transverse) 


‘Mid downstroke End of upstroke 


—s By YY 


Fig. 1, Color-coded vorticity fields from a bat flying in a wind tunnel (see also fig. $3). Flight 
direction is from right to let for the upper nine panels, as indicated by the bat silhouettes tothe lft. 
The upper nine panels show spanwise vorticity (ay) from image planes aligned with the flow [the x-2 
plane (fig. $1), at positions directly downstream from the outer wing (column 1), inner wing 
(column 2), and body (column 3), and at 1.5 ms (A to C) and 4 mis (D to 0), respectively (further 
detail in fig. 52). At 1.5 mis, an entire wingstroke is captured on one frame, but at 4 mis, separate 
frames show the downstroke {(D) to (Fl and upstroke [(G) to ()] because the wingbeat wavelength 
increases with increasing speed. The bottom row (to L) shows streammise vorticity (oy) from the 
transverse image plane [y-2 (fig. SD]. Each transverse image covers the left wing and the body, as. 
indicated by the bat sithouettes below. In (L), a white arrow indicates the vortex shed from the outer 
wing at the end of the upstroke. The color scale symmetrically represents variation in vorticity (per 
second) as follows: top row, ~450 minimum, 450 maximum; second, third, and fourth rows, 300 
minimum, 300 maximum. Velocity vectors are scaled to the reference vector (5 m/s) at bottom left 
Each panel covers an area measuring 19.5 x 19.5 cm*. 
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seen in Fig. 1, E, F, Hand 1, where a substantial 
‘upwant flow appears to the right of the strong 
sat vortex. At the mid-body position (Fig. IF), 
there isalso a stronger flow inthe fight direction, 
fiom right to lef. The start vortex is weaker here 
than at coresponding. points in the wing cycle 
‘but further out on the wing (Fig, 1, D and E), iis 
clear that at the inner wing, some kind of 
secondary vortex shedding his occured, one 
that is associated with drag and ni 

Further evidence comes from transverse 
planes that cut across the wake in Fig. 1, J to L 
(bottom row), In both mid-downstroke (Fig, 1) 
and mid-upstroke (Fig, 1K), although the 
feature is an induced downwash that char 
ives a lifiing boxy, there is also a streamwise 
vortex of opposite sign (yellow patch), shed 
toward the wing root (ig. $3), The horizontal 
Afistanice between tip vortex (blue) and oot vortex 
(yellow) is reduced as the wings are flexed on the 
‘upstroke. At the end of the upstroke, the stream 
wise vorticity (Fig. 1L) shows another secondary 
flow at the top of the image (white arow: sec also 
1G above and to the right of the red start 
Vortex), This is a vortex dipole structure with 
‘opposite sense to the main vortex: The yellow 
patch is outboard of the blue patch and the 
induced Now is upward. ‘The circulation on the 
cuter, hand wing has been reversed, and kinne= 
imutic measurements show that it has a negative 
aerodynamic angle of attack here (fig. $4), Ata 
flight spead of 6.$ m’s, the wake is qualitatively 
similar to that at 4/5, but the strength of the 
Vortices is reduced and the wake wavelength is 
increased (fig. S3), 

A full-span transverse image from the mid- 
downstroke wake (Fig. 2) summarizes one mo- 
ment in the wingbeat and clearly shows the 
cores of the wingtip vortices and the opposing 
vorticity near the wing base. The strength of the 
wing hase vortex is approximately $0% of that 
‘ofthe tip vortex, and it is evident that the three 
dimensional wake structure over the entire wing- 
beat will be substantially more complex. than 
alized hitherto. Nevertheless, certain quan- 
titative measures reveal a quite onlerly progres- 
sion of wake vortex strengths with fight speed, 

The magnitude of eieu 
start and stop vortices in th 
‘monotonically with flight speed (Fig. 3). The 
continuous Variation in circulation with ight 
speeds 4 commensurate continuous 
change in wake geometry, which echoes previ- 
cous findings for binls (8, 10, 13), and also 
Parallels the continuous change in wing kine= 
‘matic parameters with varying flight speed in 
this (79) and other (14, 16, 17) bat species. The 
measure T/Ue, where ¢ is the mean chord, can 
be interpreted as half the time-averaged lift 
coeticient (13). Under steady conditions, fixed 
‘wings of similar aspect ratio and at similar Re 
can generate lift coefficients up 10 about 1.6 
(24, and because 27/Ue measured for our bats 
reached values ereater than 4 at 1.5 ms (Fig. 3), 
itis likely that some unsteady high-ift mecha- 
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nism is involved at slow speeds (25). Also, 
when U= 1.5 mis, for example, St (22) was 
approximately 0.8, a comparatively large num 


ber that also ar or the importance 0 
isms (19, 26) 
Previous studies on birds 


wed that the 
circulation of the primary start or stop vortices 
alone was insuflicient to support the bird's 
Weight at slow speed (4, 5,8, 10, 13). However, 
when the additional positive vorticity shed at the 
transition between down- and upstroke and into 
the following upstroke wa 

culation (8, 10, 13), an approximate (vertical) 
force balance could be obtained for bins. Fol 


lowing these calculations, we may compare the 
total wake circulations with a nominal value 
Ty th 
composed solely of elliptical loops 

during the dwnstroke (20), As in the bi 


would be required if the wake were 
senerated 


surements, calculations where the observed circu 


lation Tas Was confined to main stut/stop vortices 


insuflicient wake vortex streng 


showed 


Weight support at 1S mvs [Poul 005 


(mean = SD) for both individuals). Only when 
all the diffuse traces of 
D to F) does the 
ratio of measured to required circulation ap- 
proach 1 [Food = 0.77 = 0,17 

observations) andl 0.83 23 observa 
tions)] for both bats, These values are still below 
1 (P= 0.001 


atm explicitly incl 
same-signed vorticity (Fig. | 


F lesb) because the upstroke 


Jif not accounted for by Fy (Fig. 1 


ABI 
bats ca 


Land K). Therefore, 
1ot be adequately described by single 


wakes of 


discrete vortex loops, and the difference 


unically active upstroke is 


promi an in the birds studied so far. 
Our flow visualization studies demo 

how the wake signature changes with 

spoed and that the upstroke generates a com- 

bined fift and thrust at slow speed. These 


findings support previous 
ies 4-19, 2 


hypotheses based on 
». The upstroke 


wingbeat kinem 


at higher 
At slow 


of these bats also useful fit 


speeds it has the same 


downstroke 


sense during bot upstiwke. The 


circulation drops to 0 at the transition between 


up- and downstroke, which contrasts with the 


ant-circutation wake model for birds at 


speed (7. 


8). Our data also prov 


evidence ive Hitt dun 


ake 


ra neg the end of the 


upstroke at medium and high speeds due 10 


rot and angle of 


attack of the outer wis 
S4). This ne 


the use of membe 


at this phase (/4) (fig 
ative lift may be a constraint due to 


s wings, which cannot 


separate like the wing feathers of binds. Another 
difference from birds is that here the circulation 
varies along the wing span (Fig. 1, Dw F) 
Therefore. neither the simple idealized wake 


models (discrete loops of constant circulation 


with partially oke) 1 


flexed ups the more 


Fig. 2. Velocity field from the transverse (j-2) plane, with a phase- and parallax- corrected image 
of the bat as seen flying in front of the image plane. The example is from mid-downstroke at 4 mis, 
where the two wingtip vortices are clearly seen framing a central induced downwash along the 
wing's trailing edge. Weaker vortices of opposite sense appear at the wing roots. The colors of the 


flow vectors indicate the streamwise vort 
red, anticlockwise and positive). 
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complex pattems based on detailed bird Mh 
surements (8) are directly 


AL 
h the wake properties of this bat species 


th 


applicable. 


U (ms) 


3. Variation in circulation I” of the strongest 
starting (positive) and stopping (negative) vortices 
with flight speed (U) for two bats, I” is non- 
ddimensionalized by the mean wing chord c and U. 
Bat 1 (black squares, start; white squares, stop) and 
boat 2 (black circles, start; white circles, stop) show 
statistically indistinguishable values (analysis of 
variance), Error bars show 1 SE 


A 


ig. 4. Cartoons of the (A) slow speed (1.5 m/s) 
and (B) medium speed (4 ms) wakes. Blue denotes 
vortex structures originating from the downstroke; 
red from the upstroke. The arrow indicates the light 
direction. The slow speed wake has separate vortex 
loops close to the wing’body junction and a strong 
signature from the upstroke in red. The medium 
speed wake has a more continuous shedding of 
vorticity into the wake, together with reversed-sense 
\ortices produced by the outer wing at the end of 
the upstroke. This wake also has separate structures 
shed from the wing rots. The wake at 6.5 mis (not 
shown) differs from the wake at 4 m/s by having 
2 longer wavelength, but is otherwise similar. 
Alternative views are given in fig. SS. 


org 


differ in important ways from those of all 
previously studied passerine birds, the zenerality 
fof the result is not yet clear. Kinematic param- 
ters vary between different species of bats (17). 
including the presence of features such as the 
Uupstroke reversal found in G, sorieina (19). Now= 
‘ever, based on the simirties among bat species 
inthe variation of wingbeat kinematics with fight 
speed (17), we may predict the presence of similar 
features in Future bat studies 


From the combined evidence of the two 
perpendicular image planes (Fig. 1 and fig. S3). 
together with quantitative measures of the vor- 


tex sizes and strengths at different stages of the 


‘wingheat and at different spans, we propose 
concepiual wake models for example fight 
speeds of 1.5 mvs (low) and 4-mv’s (medium) 


as shown in Fig. 4. These are not diserete 
models for each speed but are simply represent- 
‘tives from a continuum seross the speed range 
(Fig. 3), The data show that the aerodynamic 
Wake signature is much more complicated than 
previous flow visualization studies had sug 
ested (6), which is due to the higher-spatial- 
resolution technique we used, The wake models 
of Fig. 4 suggest how a new vortex-based aero 
dynamic model of bat flight could be con- 
structed, Future experiments may investigate the 
detailed flow on the flexible-membrane bat 
wing. itself 10 establish the link between the 
lifi-generating mechanism and the resulting 
wake properties reported here, Those results 
‘ean further be compared. with numerical simu 


lations of appropriate model problems in 
flexible wing aerodynamics ( 
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The After-Hours Mutant Reveals 
a Role for Fbxl3 in Determining 
Mammalian Circadian Period 
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Neethyl 


By screeni 


itosourea~mutagenized animals for alterations in rhythms of wheel- 


tunning activity, we identified a mouse mutation, after hours (Afh). The mutation, a Cys”™*Ser 
substitution in Fbxl3, an F-box protein with leucine-rich repeats, results in long free-running 


rhythms of about 27 hours in homozygotes. 


dian transcriptional and translational oscillations 


are attenuated in Afh mice. The Afh allele significantly affected Per2 expression and delayed the 
rate of Cry protein degradation in Per2::Luciferase tissue slices. Our in vivo and in vitro studies 
reveal a central role for Fbxl3 in mammalian circadian timekeeping. 


iteadian thythms, oscillations with a pe- 
( riod of ~24 hours, are vital for physio- 

logical and behavioral homeostasis in 
multi- and unicellular organisms. In. mammals, 
these biological rhythms are generated by several 
netic elements that form autoregulatory tran- 
scriptional and translational feedback loops (I +). 
For the clock to function effectively, however, the 
phase and extent of protein expression must also 


yomsciencemag.org 


be tightly regulated. Posttranslational modifica- 
tions necessary for the accurate timekeeping of 
this mokcular machinery have been described. 
For example, Per levels depend on phosphoryl 
ation by Doubletime in Drosophila (5) or casein- 
kinase le in mammals (6). and sumoylation is 
regulator of Bmall fimetion (7). Circadian roles 
fo ubiquitin E3 ligases containing F-box motifs 
(8) have been described in Drasophile for Stimis 
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(9) and JETLAG (10) and in Arabidopsis for 
ZEVTLUPE (/1, 12) and FKFI (13), Large famie 
fies of mammalian F-box proteins have been 
identified (14-16), but, apart fiom mammalian 
onhologs of Drosophila Slim (-TRCP) in cul 
tured cells (7), none are known to degrade clock 
proteins in mammals, 

To identify previously unknown genetic fac- 
tors aflcting mammalian circadian behavior, we 
conducted V-cthy/-V-nitrasourea (ENU) screens 
for alterations in circadian wheel-running activity 
in mice (/8), We identified one mouse with 
circadian period (typ) of ~24 hours, significantly 
Jonger than the population mean (23.63 hours). 
‘The phenotype was inherited in a dominant ftsh- 
jon, with top ranging from 23.9 to 24.3 hours. 
Interorosses revealed an additional phenotype 
with a tpp of 
entrainment phase angle (Fig. 1A), Frequency 
distribution plots of backeross (11 ~ 264) and 
intercross progeny (n= 73) indicated semidomi- 
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nant inheritance of the phenotype, with the latter 
revealing a group of animals with tpp ringing 
fiom 25.3 to 27.6 hours (Fig. 1B), We named the 
riutant “afler hours” (47h) and mapped the do- 
‘inant phenotype at low resolution (18), selecting 
13 mice displaying the most extreme top pheno 
types fora genome scan, A single region of fink- 
age was found on mouse chromosome 14, flanked 
by DI4Mit239 (66.68 Mb) and DI-4Mit267 
‘(114 Mb), Using ational polymorphic markers, 
\we refined the nonrecombinant region to 641 Mb 
between 89.65 and 9606 Mb (Fig. 1C) and 
confined the position by yenotypine homozy- 
tes. This region is extremely gene-poor, con 
taining only 25 annotated genes (19). We scanned 
all Ensemblannotated genes for mutations using 
denaturing high-performance liquid chromatogra- 
Phy and sequencing. Sequencing revealed a point 
mutation in the coxing region of an F-box gene, 
Fhw3, resulting ina T—+A transversion at position 
1430 (Fig, 1D). The Aft mutation results in the 
substitution of serine for Cys** (C3S8S) in Fbxl3 
(Fig, 1E), Genotyping allowed us to characterize 
the behavioral phenotype of mutants systematical- 
ly (table SI and fig. S 

The phy 
known, The 


this protein in ubiquitination and proteasomal 
degradation, whereas the C-terminal leucine-rich 
repeat (LRR) domain is ikely 10 be involved in 
recognition of phosphorylated targets. Analysis 
‘of conserved functional domains (20) suagests 
that C3S8 is an essential residue in a subclass of 
LRR. the cysteine-containing LRR (LRR-c), 
‘The FoxB3 sequence is highly conserved in ver- 
tebrates, but there are no invertebrate anthologs. 
Fl is ubiquitously expressed, and the protcin 
is predominantly, although not exclusi 
clear (/4). In vitro transfection of either wikltype 
‘or mutant Fhxl3 tagged with green uorescent 
protein (GFP) into COS? cells confirmed its 
‘predominantly nuclear lecaization with no diler- 
‘ences in protein stability (Fig. S2A). Furthermore, 
there was no circadian or genotype effect on gene 
for protein expression (fig. $2, B and C). 
Similarly, protein localization was not affected 
To investigate the molecular basis of period 
Jengthening in homozygotes, we examined cit- 
ceadian expression profiles using in situ hybrid 
ization, immunohistochemistry, and Westem 
blotting. In the suprachiasmatic nucleus (SCN} 
the central pacemaker driving circadian rest 
activity cycles, Afh alfected steady-state levels 
Of the principal negative-fecdback regulators of 


Fig. 1. Mutant phenotype and cloning of the Afh mutation. (A) 
Representative activity records of +/+ (too = 23.68 hours), Afh'+ (coo = 


24.23), and Afh/Afh (too 
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.73) mice. Images show double-plotied 
actograms of wheel-running activity under light-dark (LD) conditions (days 0 
to 7) followed by constant darkness (DD, days 8 to 2). Short, vertical bars 
represent bouts of wheel-unning activity. Periods of light and dark are 
indicated by horizontal bars above actograms, and the transition from LD to 
DD js indicated by an arrow. (B) Frequency distribution of 99 in Afi’ 
backcross and intercross progeny. (C) Mapping of the Aff mutation to 


the clock, Period genes Per! and Per2, Cryplo- 
chrome gene Cry], and the positive regulator 
Bmall (Fig. 2A). Akhough hythmie with a 
prolonged period, peak mRNA levels of all four 
genes were reduced relative to wild-type, More- 
over, during late circadian night [circadian time 
(CTS to C103}, Per? Per2, and Cry! mRNA 
levels were suppressed for longer than in wild- 
type mice, These mRNA changes were echoed in 
gycles of protein expression. For Perl and Per2 
the number of immunoreactive (ir) nucle’ in 
'SCN was severely reduced across circadian time 
particularly at the peak around CT12 to CTIS, 
Similarly, the noctumal peak of Bmall-ir was 
lower in mutants. Despite the marked decline in 
Cov] mRNA, however, Al homozygotes showed! 
‘80 apparent alteration in the number of Cry lit 
ruck (fig. $3). We confimed and extended the 
observations in the SCN’ by quantifying. liver 
mRNA and protein in wild-type and homozygous 
mice. Peak MRNA levels of Perl, Civ, Rev 
erhat, and the clock-contolled D site albumin 
‘promoter binding protein (hp) were reduced in 
homozygotes. Flul3 and Clock mRNA levels 
were nonperiodic and equivalent in wikl-typ 
and homozygous mutant liver (ig. $4), Quanti- 
fication of liver proteins by Wester blotting 


Alh/e XC3H Alh/t X Ative 


‘chromosome 14 by haplotype analysis. The number of haplotypes analyzed (n) 
‘and too (means + SEM) are indicated. (D) Sequence analysis revealing a T--A 
transversion at nucleotide position 1430 of mouse Fbx!3 in the Afh mutant. (E) 
{op} Schematic representation of Fbx3 indicating the postions of F-box and 
LAR<c regions. The position of the C3585 substitution is marked by an 
asterisk. (Bottom) Protein sequence alignment of the C-terminal end of Fox!3, 
jn mutant and wild-type mot 
vertical box indicates the position of the C3585 substitution, and the bold 
horizontal line indicates the consensus LRR-cc sequence. 


and other vertebrate species. The shaded 


waww.sciencemag.org 


confirmed the suppression of Perl and Per2 
in mutants, whereas Cry! showed interme 
diate levels of expression at all time points 
(Fig. 2, B and C). The levels of Cry protein 
‘over the circadian cycle can explain the effect 
‘of fh on the clock machinery, Elevated levels 
of Cry at CTY to CTI2 can enhance the sup- 
pression of Clock-Bmall - dependent transcrip- 


levels of Cry at CTIS to CT24 are a conse- 
quence of this. 

To investigate directly the fleet of Fbxl3 on 
molecular timekeeping within the SCN, the Aft 
mutant was emssed into the Per2:Luciferase 
(Per2::Luc) reponer fine (27), and we recorded 
bioluminescence from SCN slices using a 
photomultiplier asembly (22). SCN from noo- 


tional activation in mutants, whereas reduced natal mice exhibited sinusoidal rhythms of lucif 


Fig. 2. Suppresion of A 
clock gene and protein be 
‘oscillations in Afh/Afh 
mice. (A) Levels of Cry, 
Pert, Per2, and Bmall 
MRNA in SCN of +++ 
(solid circles) and Afv/afh 
(open circles) mice was 
measured by in situ hy: 
bridization. Each value 
represents the mean = 
SEM (n= 3), (B) Levels 
of Cry, Perl, and Per 
protein in liver of +/+ 
(old circles) and Afhfh 
(open circles) mice was 
‘measured by densitomet- 
ric analysis of Western 
blots, Each value repre- 
sents the mean + SEM 
(n= 3), Values are normal- 
ized to an internal contol 
(actin) and. expressed as 
the fold change from the 
value at C13. (©) Repre- 
sentative Western bots of 
liver from +/+ and Afv/Afh 
mice showing stabilization 
‘of Cry and suppression 
‘of Per oscilations in. mur 
tants (22), 


Tir awenaD 


Protein (fold change) 


Pawnee ae pumine croy 
eee Senet ont 
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A postnatal (7-104) 


‘al: ais sl E ‘L. 


Fig. 3. Per2::Luc expression in SCN slices reveals a delay in oscillator protein accumulation in 
Afhiafh mice. (A) Lengthening of the mutant period of Per2::Luc expression in postnatal and 
adult SCN slices. Wild-type (blue), heterozygote (red), and homozygote (green), n = 14, 18, and 7 
(postnatal) and n = 3, 4, and 3 (adult, respectively, means + SEM. ("P< 0.01, ***P < 0.001). 
(B) Comparison of the circadian period observed in vivo (actogram) and in vitro using 
photomultiplier tube (PMT) analysis: wild-type (solid circles, n = 3), heterozygote (open 
diamonds, n = 4), and homozygote (open circles, n = 3), means + SEM. (C) Amplitude of 
Per2::Luc expression in wild-type (n = 14), heterozygous (n = 18), and homozygous (n = 7) 
Postnatal slices, means + SEM. (D) (Top) Representative bioluminescence rhythms (cps. counts per 
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erase activity. with a significant lengthening 
of period in heterozygotes and homozygotes 
(Fig. 3A). In aduh mice, too was determined in 
vivo by wheebnunning, and the period of the 
SCN molecular eycle was tested in vitro, In slices 
from wild-type mice, the in vitro period was 
slightly shorier than the in vivo, but overall, the 
‘bo methods gave comparable results (Fi. 3, A 
and B), Peak amplitude in homozygotes was low 
and variable; there was no significant effect of 
genotype (Fig. 3C). Finally, al 
‘waveforms by peak expression revealed that the 
principal effect ofthe homozyzous mutation w 
a prolongation of the circadian nadir of Per2:;Luc 
expression (Fig. 3D). This extension of the 
negative feedback phase is consistent with in situ 
hybridization and immunostaining data ana is sul 
ficient to explain the Kengthened circadian perio, 
Real-time recordings of Per2::Luc from wild-type 
and heterozygous kidney, lung, and fiver al exib- 
ited wellefined circadian cycles for 4 days (i 
SS), Recordings confined that the molecular 
clock in peripheral tissues is sensitive to the fh 
allel 

Inthe accompanying paper (23), Busino eta 
found that Fbxl3 binds and drives the ubiquiti- 
nation and consequent degradation of Cry! and 
Cry2. Thus, we investigated the dynamics of Cry 
degradation in wildaype and mutant tissue. We 
treated lung tissue slices from Per2::Lue mice 
‘with the protein synthesis inhibitor eyelohe 
mide (CHX) and followed the time course of 
‘protein degradation (Fig. 44). Although peak 
Jevels of Per2=:Luc were lower in Afh/Afh slices 
(coinciding with the time of CHX treatment), 
the rate of degradation of Per2::Luc was similar 
to that of wikltype, with minimal levels detected 
after 4 hours of CH treatment. Per2::Lue bio- 
Juminescence halflife was 0.54 = 0,09 hours for 
wikltype and 0.46 © 0.07 hours for AfhiAth 


; 
LA 


second) recorded from organotypic SCN slices in wild-type (blue), heterozygous (red), and homozygous (green) mice. (Bottom) Alignment of 


waveforms by peak expression (22). 
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Fig. 4. Increased Cry stability in organotypic tissue slices from © 99 28 80 


AfW/Afh mice and in mammalian cells expressing Fbxi3“". (A) CHX (h) 
Real-time recording of Per2::Luc (top panel) in isolated lung 

from +/+ (solid citcles) and Afh/Afh (open circles) mice, means + SEM (n = 3). Cycloheximide (CHX, 
20 jig/ml) was included in the medium at the peak of PerZ::Luc expression, and bioluminescence 
was recorded after 0, 1, 2, 4, and 6 hours of treatment. Tissue samples were collected after 0, 3, 
5.5, and B hours of treatment, and protein levels were determined by Western blotting (bottom, 
WT, wild-type, Ath, homozygous mutant). Blots represent pooled samples from five tissue slice 
recordings and were repeated to confirm results. (B) (Top) Western blots against S-tagged Cry2 
‘expressed in COS7 cells in the presence of either wild-type Foxl3 or Fbxl3"™ protein, Cultures were 
treated with CHX (20 jig/ml) and sampled after 0, 2.5, or 5 hours. Group data (bottom, means = 
SEM, n = 3) reveal progressive degradation of Cry2 in presence of wild-type Fbxl3. Degradation of 
Cry2 was significantly delayed in the presence of Fbxl3™™ (22), 
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periment, we looked at the rate of S-tagged Cry2 
degridation in CHX-treated COS? cells cotrans- 
fcted with wikltype FoxI3 oF Fox protein 
(Fig. 4B), Although the dynamic of protein di 


SCF*'3 Controls the Oscillation of the 


radation diflers from that of native tissue, we 
detected a significant delay in Cry? degradation 
in colls transfected with Fbxi3**. 

‘These data provide a role for Fhx13 ir mod 
ian homsostass and a 
mechanism whereby this 
134" Jengthens top by 3 hours, delay 
eof Cry protein degradation and prolongin 
phase of Cry-mediated negative feedback. AS a 
ceonsequence, peak levels of Per, Cry. and Binal 
mRNA are reduced in homozygotes, as are the 
corresponding proteins. Despite reduced levels of 
Cry mRNA, protein levels are stabilized in 
mutants, with an intermediate level of expression. 
‘Consequently, the circadian Cry profile in Afh 
mutants reflects a compensitory combination of 
reduced Gry transcription and Cry proteasomal 
degradation, 


biologic 


References and Notes 

1 5. Reppert,D. R. Wenver, Notre 448, 935 2002). 

2. MLM. Hastings, A.B. Reddy, E 5. Maywond, Not Rex 
‘News. 4, 649 2003), 


11 MAY 2007 VOL 316 SCIENCE 


Circadian Clock by Directing the 
Degradation of Cryptochrome Proteins 
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Sofia |. H. Godinho,* Giulio F. Draetta,> Michele Pagano™ 


‘One component of the circadian clock in mammals is the Clock-Bmal1 heterodimeric transcription 
factor. Among its downstream targets, two genes, Cry and Cry2, encode inhibitors of the 
Clock-Bmal1 complex that establish a negative-leedback loop. We found that both Cry. and Cry2 
proteins are ubiquitinated and degraded via the SCF ubiquitin ligase complex. This regulation 
by SCF is a prerequisite for the efficient and timely reactivation of Clock-Bmal1 and the 
consequent expression of Perl and Per2, two regulators of the circadian clock that display tumor 
suppressor activity. Silencing of Fbx{3 produced no effect in Cry1™;Cry2~ cells, which shows that 
Fbxl3 controls clock oscillations by mediating the degradation of CRY proteins. 


S' F (Skpl/cullin'F-box protein) ubiquitin 


substrates. Despite the lange number of F-box 
proteins, only five human SCF ubiquitin ligases 


igase complexes mediate the timely pro- 


teolysis of important eukaryotic cellular 
ators (/). In mammals, there are more than 
70 SCF ligases, cach characterized by a different 
F-box. protein subunit that binds and recruits 


have boen matehed to substrates. To identify 
biologically important substrates of SCF ligases. 
‘we have combined immunopurification With anal- 
ysis by mass spectrometry (2, 3), Here we de- 
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scribe work on the omphan F-box protein Fox, 
which we originally identified as an interactor of 
SkpI by yeast two-hybrid screening (4), 
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Fig. 1. CRY proteins specifically bind Fbxl3. (A) 
NIH 373 cells were infected with retroviruses en- 
<oding the indicated FLAG-tagged box proteins 
(FBPS). During the last 6 hours before harvesting, 
cells were treated with the proteasome inhibitor 
'MG132, Exogenous proteins were immunoprecipi- 
tated (P) from cell extracts with an anti-FLAG 
resin, and immunocomplexes were probed with 
antibodies to the indicated endogenous proteins. 
Lane 2 shows a whole-cell extract (WCE) from cells 
infected with an empty virus (EV), (B) HEK293T 
cells were transfected with constructs encoding 
the indicated FLAG-tagged circadian clock pro- 
teins (CCPs), Exogenous proteins were immuno- 
precipitated from cell extracts with an anti-FLAG 
resin, and immunocompleres were probed with 
antibodies to the indicated endogenous proteins. 
Lane 2 shows a whole-cell extract from cells trans- 
fected with an empty vector. 


Fig. 2. Fbxl3. controls the degradation and 
ubiquitination of CRY proteins. (A) Fbxl3 promotes 
the degradation of Cry2. The graph shows quan 
titcation of Cry2 half-life in HEK293T cells transfected 
with Cry2 alone o in combination with either Fbx!3 oF 
‘Skp2 (with or without MG132), Error bars represent 
25D (n = 3). A representative experiment is shown in 
fig, $2. (B) Knockdown of Fox stabilizes Cry2. The 
‘graph shows quantification of Cry2 halflife in 
HHEK293T cells infected with lentiviral construct that 
direct the synthesis of two different shRNAS to Fox 
‘oran shRNA targeting LacZ. Error bars represent 5D 
(n-= 3). A representative experiment és shown in fig. 
3. (© Foxl3 ubiqutinates G2. In vitro biguitination 
‘assays of recombinant Cry2 protein were conducted 
in the presence of the Skp1-Cull-Rocl complex plus 
‘one of the following recombinant box proteins: 
Fox, Skp2, oF Trp, as indicated. Samples were 
analyzed by immunoblotting wth an antibody to Gy2. 
The bracket atthe left marks a ladder of bands cor 
responding to polyubiquitinated Gy2. (D) HEK293T 
cells were transfected with Gy2, Skp2, Cull, and Roc 
in the absence or presence of either FLAG-agged 
Fix of a FLAGtagged Fhx3.\F-bon mutant. Alter 
immunopurfcation with an anti-FLAG resi, in vitro 
ibiquitination of Cry2 was performed. Samples were 
analyzed by immunoblotting with an antibody to Cry2. 
‘The lower panel shows levels of Fox3, Foul3(AF-bod), 
‘kp, and Cull in the immunopreciptates. 
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Fbxl3 was expressed in HeLa-S3 cells and 
immunoparitied (fig. SI). The mass spectrome- 
‘ty analysis of copurified endogenous proicins 
revealed the presence of two peptides comspond- 
ing wo Cryl and three peptides comesponding to 
both Cryl and Cry? 

The Cryptochrome proteins, Cryt and Cry2, 
are evolutionarily conserved proteins that con- 
trol the circadian clock (5, 6). A light-regulated 
master circadian pacemaker in the suprachias- 
matic nucleus of the hypothalamus controls Sleep 
wake cycles and other rythm (6, 7). In addition, 
an intrinsic. celhaunonomous circadian clock (light- 
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insensitive) with a rhythm of about 24 hours © 
iss in peripheral tissues to coordinate the timing 
of basic cellular functions (For example, cell ey- 
le progression and checkpoint activation) (8, 9). 
‘The clock machinery is driven by two proteins, 
(Clock and Bmall, which heterodimerize to form 
an active transcription complex. “Among several 
‘clock genes, the Clock-Bmall heterodimer drives 
the transcription of the Cry and Period (Per) 
genes. In tum, Cryl and Cry2 inhibit Clock- 


lation of the clock. In mammals, CRY proteins 
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Fig. 3. Fbxl3 controls oscillations of the clock by mediating the 
degradation of CRY proteins. (A) Fox promotes Cy oscillations and 
the accumulation of PER proteins in Cry cry2 

GyTXCry2™ cells. MEFS were infected with lentiviral constructs that 
direct the synthesis of shRNAS targeting LacZ or Fb, as indicated. 
Cells were asynchronously grown to confluence in a medium 
containing 10% serum (Asynch) and then shifted to a. medium 
‘containing 50% horse serum (50% HS) for 90 min. After this period, 
the serum-rich medium was replaced with 0.5% fetal bovine serum 
containing medium and cells were collected at the indicated hours 
after serum shock. Cell extracts were analyzed by immunoblotting 
with antibodies to the indicated proteins. The graphs on the right 
ilustrate the quantification by densitometry of triptcate experiments, 
including that shown in the left panels, The value given for the 
amount of Cry, Perl, and Per2 present in asynchronous cells was set 
as 1, Error bars represent 5D. (B) Fbxl3 promotes the accumulation 
‘of Bmal1-Clock-regulated mRNAS in CryI*;Cry2"* cells but not in 
Cyt Cry2™" cells. Triplicate experiments were performed as in (A), 
‘except that whole-cell RNA was prepared to determine the levels of 
the indicated mRNA via quantitative reverse transcription polymerase 
chain reaction. The value given for the amount of mRNA present in 
asynchronous cells was set as 1. Error bars represent =SD. 


cells but not in B 


HA as I 
= SRARSSSTS 


HE 


‘Ggrensaaeases? 

anus 

2 

thoes 2 LacZ shRNA 

—O> Foxi3 shRNA 

PeesectOEtiELe 

fase 

Cryt 4/4; Cry +/+ Crys +/+; Cry2 “I+ 


are the most potent repressors of Clock-Bmall 
(10-13). An integral component of this 
feedback loop is the requirement for degrada- 
tion of CRY repressor proteins, without which 
the amplitude of the cireadian clock escillations 
‘would be inhibited. Although CRY proteins are 
known to be degraded via the ubiquitin system 
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(4), the specific ubiquitin ligase that directs this 
event has remained unknown. 

To investigate the specificity of binding be- 
tween CRY proteins and Foxl3, we screened 10 
hhuman F-box proteins. FLAG-tagged versions of 
these F-box proteins were retrovirally expressed 
in NIH 373 cells and then immunopresipitated 19 


evaluate their interaction with three endogenous 
clock proteins. We found that the only F-bos 
Protein able 10 coimmunopresipitate Cry! and 
Cry2 was Fhxi3 (Fig. 1A). The Fbxl-CRY 
interaction was further confirmed by a com 
plementary experiment in which FLAG-tagged 
‘versions of eight clock proteins were expressed in 
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Fig. 4. The Fbx{3(C358S) mutant binds to and ubiquitinates CRY proteins less 
efficiently than wildtype Fbal3. (A) NIH 3T3 cells were left uninfected (UD or 
infected with retroviruses encoding Fox, Fbxl3(C358S), or Fbal3(G5BA) (all 
FLAG-tagged), During the last 6 hours before harvesting, cells were treated 
with the proteasome inhibitor MG132. Proteins were immunoprecipitated from 
cell extracts with antHFLAG resin, and immunocomplexes were probed with 


human embryonic kidney (HEK) 2937 eels, im 
munopreeipitated, and tested for their ability 10 
coimmunoprecipitate seven endogenous. F-box 
proteins. Only Cryt and Cry2 interacted. with 
‘endogenous Flx13, but not with Skp2, Fbxl10, 
Foxlt1, Blrept, Emi or ey ie 1B). 

‘These results prompfed us to test whether 
FbxB isinvolved in regulating 
proteins. To this end, we tansiected HEK293T 
cells with Cry2 and either Fox or Skp2. Whereas 
the expression of Skp2 had no observable effect 
‘on Cry2 stability, the expression of Fbx13 
resulted in a decrease in the halflite of Cry2, 
Which was efficiently counteracted by the ad- 
dition of the proteasome inhibitor MGI32 (Fig 
2A and fig. $2), We also used two small hairy 
RNA (shRNA) constructs to reduce the expres- 
sion of FbxI3 in HEK293T cells. Although both 
‘constructs targeted FbxI3, construct 2 was more 
efficient in silencing FbxI3 expression (fig. 
S3A). Accordingly, both constructs induced an 
inerease in the half-life of Cry2, but construct 2 
produced a more robust effect (Fig. 2B and fi. 
S3B). Stabilization of both Cry and Cry2 was 
also observed as an effect of Fbx13 knockdown 
in NIIL 373 cells (ig. $4). 

‘Totes whether CRY proteins are ubjquitnated 
via the SCF" ubiquitin ligase, we recon 
stituted the ubiquitination of Cry2 in vite. 
Cry2 was efficiently ubiquitinated only when 
‘bx3 Was present (Fig. 2C). Different recom- 
binant F-box proteins, including Skp2 and 
BTiep!, were unable to trigger the ubiquitina- 
tion of Cry2. Addition of methylated ubiquitin 
to the reaction inhibited the formation of the 
highest-moleeular-weight forms of 
$5), demonstrating that the hi 
weight forms of Cry2_are polyubiqitnated 
species of the protein, We also used a comple 
mentary in vitro ubiquitination strategy using 
immunopurified Fbxl3. proteins. Fbx13, but 
not an inactive Fbx13(AF-bos) mutant (4), in- 
duced the ubiquitination of Cry2 (Fig 2D). 
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was also assayed. 


Which supports the notion that the effect of 
Foxl3 on Cry2 is direct. 

To study the biological importance of 
SCE? mediated proteolysis of CRY pro- 
{cins, we investigated the effect of Fox knock- 
down in cells m which the circadian clock is 
synchronized. A %-min pulse with SO% horse 
serum synchronizes clock oscillators in conflue 
cent fibroblasts (5, 16). By synchronizing mouse 
embryonic fibroblasts (MEFs). we observed ppe- 
riodic oscillations in the levels of Cry1. Perl. 
and Per2 (Fig. 3A), Silencing of Fbxl3 abol 
ished the oscillations in the levels of Cryl and 
produced a decrease in the expression of Perl 
and Per2 (Fig. 3A), Similar results were obtained 
in NI 373 cells with the use of two different 
shRNA constructs (figs. S6 and $7) 

We propse that when Fox is down- 
regulated, stabilized Cry} persistently inhibits 
Clock-Bmall, which is responsible for the in- 
duction of Per and Cry genes. In suppor of this 
hypothesis, we found that the knockdown of 
Fbxl3 inhibited the induction and oscillations of 
(Clock-Ball-regulsted mRNAs (Per, Per2, and 
Cry) (Fig. 3B and fig. S8). Moreover, chromatin 
immunoprecipitation experiments showed that 
silencing of Fbxi3 increased the abundance 
Cryt protein at the promoters of the Per? Per2, 
and Cry? genes (Fiz. S9). Because the levels of 
Fxl3 do not oscillate (Fig. 3A), itis possible that 
postranslational mosifcations of CRY proteins 
regulate their recognition by FbxI3, as isthe case 
for most substrate-F-box prosein interactions (1). 

‘To determine whether the effects of Foxl3 
knockdown on the circadian clock are dependent 
‘on the stabilization of CRY proteins, we silenced 
Fbxl3 expression in Crd ~:Cy2™~ MEFs (12). 
No substantial differences in the protein and 
mRNA kevels of Perl and Per were observed in 
Onl” EFS after down-regulation of 
Fox (Fig. 3). 

In the accompanying report (/7). Godinbo 
ef al, used a forward genetic sereen to induce 
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‘antibodies to the indicated proteins. (B) HEK293T cells were transfected with 
(MYC-tagged Cry2 together with vectors encoding the indicated proteins. Cry2 
was immunoprecipitated from whole-cell extracts with an antibody to MYC, 
‘and immunocomplexes were probed with antibodies to the indicated proteins. 
(© The experiment was perlormed as in Fig. 2C, except that Fbxl3(C3585) 


‘mutations in mice that increase the length of the 
circadian clock and identified a mouse mu- 
tation in FbxIB [a Cys*** + Ser (C3588) sub- 
stitution] that results in a circadian rhythm of 
about 27 hours in homozygotes, To investigate 
‘whether this mutation interferes. with FbxI3 
activity, we generated a Fbx13(C3S8S) mutant, 
as woll as a Fhxl3(C3SKA) mutant (containing a 
Cys — Ala substitution), FLAG-tagged ¥ 
sions of FbxI3 and the Wo mutants were retro- 
virally expressed in NIH 373 cells and then 
immunoprecipitated to evaluate their interaction 
‘with endogenous Cry and Skpl. Whereas all 
three proteins were able to coimmunoprecipitate 
SSkpl. only wild-type Fbx13 interacted with Cry 
4A). In a complementary experime 
weed Cry2 was expressed in HEK29. 
cells together with one of the Following F-box 
proteins: Fbx13, Fhxl(C3S88), FbxIIS, and 
[sTiepl. After immunoprecipitation, Foxl3(C3S8S) 
‘was found to bind Cry? less efficiently than did 
FbsI3 (Fig, 4B). Accordingly. expression of 
Foxi¥C3588) hal no effect on the stability of 
Cry! (fiz. S10), and FbxI3(C3S8S) was less ef 
ficient than Fbxl3 in ubiquitinating Cry2 in vito 
(Fig. 4C), These results provided evidence that 
the phenotype observed in mice (/7) is due to a 
decreased ability of Fbx13(C3S8S) to bind to 
and induce the proteolysis of CRY proteins, 
‘Our study demonstrates that the SCFP™® 
ubiquitin ligase controls the oscillations of the 
circadian clock. Fxt3-mediated degradation of 
Cry! and C2 is a prerequisite for the efficient 
and timely reactivation of Clock-Bmall and the 
consequent transcription of target genes, includ- 
ing Per! and Per2, two putative tumor sup- 
pressors that control fundamental processes 
such as the timing of cell cycle progression and 
checkpoint activation (78-27). Because 
of Foxl3 produves no effects in Cru 
cxll, we conclude that the effets of Fbx13 on the 
clock are langely mediated via regulation of Cry 
and Cry? stabil 
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How the Brain Translates Money 
into Force: A Neuroimaging Study 
of Subliminal Motivation 
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Unconscious motivation in humans is often inferred but rarely demonstrated empirically. We imaged 
‘motivational processes, implemented in a paradigm that varied the amount and reportabiity of 

monetary rewards for which subjects exerted physical effort. We show that, even when subjects cannot 
Teport how much money is at stake, they nevertheless deploy more force for higher amounts. Such a 


‘motivational effect is underpinned by engagement of a spec 


ic basal forebrain region. Our findings 


thus reveal this region as a key node in brain circuitry that enables expected rewards to energize 
behavior, without the need for the subjects’ awareness, 


vumians tend to adapt the degree of effort 
they expend aecording to the magnitude 
of reward they expect. Such a process 


has been proposed as an operant concept of 
‘motivation (1-3), Motivational processes may 
bbe obvious, as when a prospector spends days 
extreme conditions secking gold. The popular 
‘View is that motivation can also be unconscious, 
such that a person may be unable to report the 
goals or rewards that drive a particular behavior. 
However, empirical evidence on this issue is 
lacking, and the potential brain mechanisms in 
volved in converting expected rewards into. be 
hhavioral activation are poorly understood 

We developed an experimental paradigm 

talize unconscious motiv 
netic resonance imag 
Inproach Wo trigger une 
cessing is subliminal stimulation, which ean be 
implemented by means of masking procedures, 
The te 
‘on a revent taxonomy (4), in which a process is 
considered subliminal if it és attended but not 


ional processes, 
A 


We use in this report is based 
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reportable. Successful brain imaging studies of 
ave focused s0 far on 


subliminal processes by 
processing words (5, 6) 
stimuli (7, 8), In our study, the object of mask: 
ing was an incen lus for a future action, 
represented by the amount of reward at stake 
The question we asked is whether, and how, the 
human brain energizes behavior in proportion to 


subliminal incentives. 
We developed 


incentive force task, using 


reward: a manipulation that is con- 


sistently shown to activate reward circuits in the 


D=17 or 50 or 100, 
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human brain (9-1), The exact level of motiva: 
tion was manipulated by randomly assigning the 
amount at stake as one pound or one penny’ 


ictures of the corresponding eoins were dis 
of 


played on a computer sereen at the bey 

al, between two screenshots of 
(Fig. 1). The reportability ofthe mor 

akes depended on their disp on, which 
could be 17, $0, oF 100 ms. The perception of the 
first wo dura deter 
in a preliminary behavioral test, where subjects 


jons wa ned as sublim 


reported not sccing anything other than the mask, 
The third duration was consistently associated 


with conscious perception of the stimuli and their 
associated amount 

To characterize the effects of the monetary 
stakes, we recorded not only brain activity but 
also skin conductance and hand-grip force, Ski 
conductance response (SCR) is linked 10 auto. 


nomic sympathetic arousal (/2) and is thereafter 


imerpreted as reflecting an affective evaluation 
of the monetary stake, Hand-grip force is 
understood to be a measure of behavior 


activation. Online visual feedback of the force 
exerted was displayed as a fluid level moving 
up and down withit 
the serwen (Fig. 1), Subjects were instructed th 
the higher the uid level rose, the more of the 
monetary stake they would get to keep. At the 
end of the tial, subjects were given vis 


depicted on 


Fig. 1. The incentive force task. Successive screens displayed in one trial are shown from left to 
right, with durations in ms. Coin images, either one pound (€1) or one penny (1p), indicate the 
monetary value attributed to the top of the thermometer image. The fluid level in the thermometer 
represents the online force exerted on the hand grip. The last screen indicates cumulative total of 


the money won so far. 
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feedback of the amount of money that they had For the analysis of brain activity, we first 
accumulated. Thus, this cumulative total was examined the main contrast between monetary 
ased after every trial, though negligibly so. stakes, in the conscious condition, at the time 

when one penny was al stake. stimulus onset (Fig. 2, middle column). After 


Fig. 2. SPMs of brain 
activity Vores displayed 
in gray on glass brains 
showed a significant ef- 
fect at P< 0.05 after 
correction for multiple 
comparisons over the 
entire brain, The by, y, 2 
coordinates ofthe differ- 
ent maxima refer to the 
Montreal Neurological 
Institute (MND space. 
‘Axial and coronal slices 
were taken at global 
maxima of interest indi- 
cated by red symbols on 
the glass brains. SPMs 
are shown at a lower 
threshold ® < 0,001, 
uncorrected) and. were 
superimposed on the av- 
erage structural scan to 
localize significant acti- 
vations. The images in 
the left column show re= 
gression withthe amount 
Of force produced, whatever the condition. The images in the middle column show contrast between 
conscious pounds and pennies trials (£1 to 1p, 100 ms). For this contrast, SPMs were coregistered with an 
atlas ofthe basal ganglia (right column). Caudate, putamen, and accumbens are shown in green; extemal 
and intemal pallidum are shown in blue, with timbic sectors in violet. 


ha) 


Fig. 3. Main effects of A paudal actiation 
stimulus duration. (A) Incen- 0 

tive force task. Time courses 

were averaged across trials 

for the different stimuli 09 
(black tines indicate €1 and o2 
white tines indicate 1p) and 
durations (thin, interme- 
diate, and thick tines ind- 0.0/4 Ris 
cate 17, 50, and 100 ms, oy 
respectively). Time 0 
corresponds to the moment 

of stimulus display. The his- 

tograms indicate the effet 05 
of motivation (£1 to Ip),and 0 
the error bars indicate SEM. 03 

Pallidal activation is 02 

expressed as percentage of 01 

blood oxygen level- 00 4 
dependent signal change. 
Force and skin conductance 8 correct responses ('s) 
are expressed in proportion 160 -— 

of the highest measure. (B) 99 
Perception task Stimuliwere ®| 
the same as in (A) Possible 7 
responses were “seen £1,” 0 
“seen Ip," “guess €1," and $9 
“guess 1p.” A “correct” re- 
sponse means that the subject chose the stimulus that had been displayed. A “seen” response means that the 
subject perceived all or part ofthe stimulus. rror bars indicate SEM. 


7 


comection for multiple comparisons over the 
whole brain (family-wise enor, P< 0.05), the 
only significant activation was located bilateral 
Iy in the basal forcbrain, bordering several stuc- 
tures encompassing the Veniral striatum, ventral 
pallidum (VP), extended! amygdala, and basal 
tnucleus of Meynert. These structures have been 
conceptualized as forming output channels for 
the limbic system, which is devoted to emo- 
tional and motivational functions (3). Ac- 
cording to fiber studies, rewant-related 
information may access 1 


structures either 
by a subcortical route via the hippocampus 
ind/or amygdala or by a cortical route via the 

ofrontal and/or late areas 
4-17), 

To improve anatornical localization, we eo: 
registered the statistical parametric map (SPM) 
With a recent histology-based atlas of the basal 
ganglia, which was designed 0 distinguish be- 
tween functional teritories (8, 9), Activation 
foci overlapped with limbic territories of both 
extemal and internal pallidal segments (Fig, 2, 
right column), which together form the VP. The 
main inputs to the VP come from the ventral 
striatum, when 
been consistently found (9-1), VP acti 
might denote cn; of the sume ventral 
siriato-pallidal pathway, with a shift in its ex 
pression being related to the nature of the up- 
coming task, More specifically, ventral striatal 
activity has been linked to reward prediction and 
aming (20 
‘on Iearning, ou 
ation during effort, which 
in the VP. Our finding 
© in rodents, showing 
ns encode rewarding properties of 
stimuli (22), and suggests a role 
ncentive motivation, Furthemore, 
lowering the threshold (P< 0,001, uncorrected) 
Mm extended posteriorly, 
\ithin nontimbic teritories of the pallidum, point 
ing out a plausible route by which the VP may 
inf motor areas (/4, 15), 

To dissociate motivation per se from force 
y that 


tions have 
fon 


elated et 


reward prediction error durin 
Rather than co 


elicited specific proces 
accords well with evider 
that VP ne 


¢ corte 


production, we next examined brain acti 
was linearly related to the of force 
produced, whatever the condition (F lett 
column), Afier correction for multiple compar- 
whole brain (family-svise error, P 

int activations were found in the 
supplementary motor area (SMA) and in the 
primary motor area (M1), Unlike the pallidum, 
these structures have previously been shown 10 
ictivate in relation with the amount of force 
produced (23-25), Moreover, MI activation was. 
observed on the left side, which was consistent 
with the use of the right hand for the task, where- 
as pallidal activation was bilateral, Thus, in our 
analysis, the dissociation was el probably 


0108), signifi 


constant throuwhout the task, while grip foree 
decreased trial afler tial, probably as a result of 
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motivational processes mediated by the VP 
include modulation of SMA. activity. which in 
‘tum drives muscular contractions via MI. 

We next asked whether such a circuit was 
‘engaged by subliminal incentives. We averaged 
parameter estimates (Fig. 3, left panels) over 
the pallidal voxels that showed significant acti- 
Vation in the previous SPM, The contrast be- 
tween monetary stakes was significant for 100 
and S00 ms (paired £ tests, both P values < 0.001) 
but not for 17 ms. No significant activation was 
found elsewhere in an SPM estimated. for this 
‘contrast at $0 ms, even with our liberal threshold 
(P< 0.001, uncorrected, Thus, only the VP ap- 
peared in position to modulate behavioral aeti- 
to subliminal incentives. and 
Hee 10 undepin a low-level motivational pro 
‘888, aS opposed 1a conscious cost-benefit cal- 
culation, Again, such a role accons well with 
‘experiments on rodents, which show that VP 
‘muipulations influence goal-ficcted behavior, as 
seen with seffstimulation ater electrode im- 
plantation in the VP (26) or impaired acquisition 
‘of conditioned-place preference aller the genera 
tion of VP Kesions (27), 

We next sought to fink our imaging results 
to simultaneously measured autonomic and be- 
havioral responses, The dynamics of responses 
reconted trom skin conductance electrodes indi- 
‘cated that they were triggered at the time of stim 
ulus display with a typical SCR profile starting at 
2.s poststimulus and peaking around $ s (/2). 
‘Comparison between monetary stakes showed 
significant effects at 100 ani SO ms (paired tests, 
both P values < 0.05) but not at 17 ms (Fig. 3A, 
middle panels). Thus, like fearstelevant stimuli 
(28), subliminal incentives could be evaluates 
aflcetively, with subjects being more responsive 
to images of pounds than te those of pennies. 
Autonomic responding was nota mere sie effect 
‘of force production, because it evolved with 
different temporal profile throughout the task 
Indeed, grip fowe decreased for consciously 
perceived! pennies, while skin conductance in- 
sereased for consciously perceived pounds (fig. 
S1). Regarding grip force, we found similar dy- 
namics, whatever the condition: subjects giving a 
short squeeze, with peak latency at around Ts, 
and relaxing before the nest tial (Fig. 3A right, 
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panels), Hence, similar results were found when 
considering cither the height of the peak or the 
area under the curve. Comparing between mon- 
lary stakes, significant effects were found at 
100 ms, $0 ms, and even at 17 ms (paired 1 tests, 
all P values < 0.01), Thus, the brain could ener- 
«tize behavior in proportion tothe rewand at stake, 
‘even when subjects could not see it, 

Finally, we controlled for subjective percep- 
tion with a forwed choice task (Fig, 3B). While 
still n the scanner, subjects were shown the same 
masked stimuli and had to report whether they 
saw a coin, and which coin they thought it was, 
cither from secing it or trom guessing. Based on 
the percentage of conect responses, the analysis 
could then be restricted to all situations where 
subjects guess at chance level about stimulus 
identity (fig. S2). Even in these situations, pal- 
Tidal activation and hand-grip force were signi 
icantly higher for pounds as compared to pennies 
{paired tests, both P values < 0.01). As with the 
preliminary test, subjects reported seeing almost 
fo stimuli at 17 and 30 ms anid almost all stimuli 
at 100 ms. Compared to the 100-ms condition, 
subjects also had similarly long response times at 
17 and $0 ms, indicating that they were expe- 
ricncing the same degree of uncertainty about 
stimulus identity, Thus, subjective perception 
changed as a function of category, fiom sub- 
liminal to conscious, between 50 and 100 ms. In 
contrast, objective markers of motivation (pak 
lidal activation, SCR, and hand-grip force) 
‘gradually increased with stimulus duration, 

These results indicate that motivational pro- 
cesses involved in boosting behavior are qual- 
tatively similar, despite whether subjects ane 
conscious of not of the rewand at stake. Con- 
sistently, the same tesa forebrain region under 
pinned subliminal and conscious. motivation 
‘Such subcortical localization might relate 49 the 
simple and repetitive nature of the task, rendering 
strategic control unnecessary. However, differen- 
tial sympathetic arousal denoted by SCR angus 
agains an interpretation in terms of mere stimula 
response habit formation, which is known 10 
involve the basal ganglia (29), More generally, 
‘our paradigm offers a potential tool to discrim- 


inate between motor and affective components of 


‘motivation for financial reward in hurtans, anal 


‘ogous to the dissociation between wanting and 
Tiking food reward described in rodents (30). Such 
@ tool may be particularly usefal in exploring 
negative sympioms, like those manifested in de- 
pression or schizophrenia, involving acute dys- 
function within the motivational process. 
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‘Multiphoton Laser Scanning Microscope 

The Fluoview FV 1000-MPE multiphoton laser scanning microscope sys 
tem is for deep observation and imaging of living or thickly sticed spec 
imens. Neuroscientists and cell biologists can use the system to image 
dynamic processes up to several hundred microns deep in living cells 
and tissues without inflicting significant photo-damage on specimens. 
The system is particularly useful for repeated long-range or time-lapse 
exposutes, and any applications that require deep imaging or extensive 
fluorescence excitation, The FV1000-MPE incorporates a femtosecond 


pulsed laser to achieve photon density at the focal plane with minimal damage or photobleaching of living cells. itis optimized 


for use with near-in 


red wavelengths, and a {ull Line of water immersion objectives is available for specimen penetration and 


imaging, Multiphoton systems allow researchers to achieve thinner optical sectioning and cause less photobleaching and photo- 
toxicity to surrounding areas of the specimen. They are thus suitable for deep, in vivo imaging. 
‘Olympus For information 800-455-8236 wan. olympusamerica.com/microscopes 


Mutation Surveyor Update 

Version 3.01 of Mutation Surveyor DNA vari 
analysis software includes two additional func 
tionalities: vector masking for use in the quality 
Control of DNA clones and negative single 
nucleotide polymorphism (SNP) indicator for 
linical analysis of sequence traces. The vector 
‘masking tool allows users to inform the software 
of the vector region, which permits the software 
10 use its patented physical trace comparison 
technology to detect any sequence change from 
the original sequence trace in up to 400 clone 
{races in less than 90 seconds. The negative SNP 
indicator clearly indicates the absence of a 
‘nucleotide change in sequence traces. 
SoftGenetics For information 814-237-9340 
vewesotigenetis.com 


n 


Transcreener PDE Assay 
Transcreener Assays rely on homogeneous 
immunodetection of nucleotides for robust, 
genetic detection of entre families of drug tar 
get. The assay extends nucleotide detection 
Capabilities to include adenosine monophos 
phate, adenylic acid (AMP) and guanosine 5 
phosphate (GMP) detection. The Transcreener 
PDE Assay is a far-red, competitive fluorescence 
polarization immunoassay based on the detec 
tion of the hydrolyzed substrates AMP or GMP. 
Enzyme progress is indicated by a decrease in the 
fluorescence polarization signal. The simple two- 
step, endpoint assay can be used for any enzyme 
class that produces either AMP or GMP. 
BellBrook Labs For information 866-313-7881, 


vmbellbrooklabs.com 


Eight-Channel HPLC 

The ExpressiC-800 Plus high performance liquid 
chromatography (HPLO system features new sot- 
vent switching functionality, making up to six 
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solvents available to each of eight LC channels. 
Solvent switching is easily programmed via the 
system control software. The Expressl.C-800 Plus 
is suitable for methods development and high: 
throughput applications in drug discovery. It 
allows solvents to be changed automatically with 
less handling and fewer errors. The system's 
eight channels offer true multiplexed HPLC for 
savings in analysis time, labor, and laboratory 
bench space. The instrument combines advances 
{in gradient delivery and mixing, sample injec 
tion, and optical detection to deliver dramati 
cally increased levels of separation resolution 
and speed. 

Eksigent For information 925-560-2637 
vom.eksigent.com 


Proteome Fractionation 

FOCUS-Global Protein Extraction kit js a simple, 
tapid, and reproducible method for extraction of 
various classes of cellular proteins, both soluble 
and insoluble. The insoluble protein fractions are 
further fractionated into various classes of mem 
brane proteins, such as mildly hydrophobic 
‘membrane proteins, highly hydrophobic trans: 
membrane proteins, and membrane proteins 
rich in cholesterol, glycolipids, and glycocyt- 
phosphitidylinosito. 

G-Biosciences/Genotech For information 
{800-628-7730 ww. GBiosciencescom 


Raman Spectrometer 

The benchtop RamanStation 400 Raman spec: 
trometer combines research-grade performance 
with push-button ease-of-use. The RamanSta 
tion’s dispersive echelle-spectrograph technol 
ogy allows reliable performance, without the 
need for moving parts, while enabling detection 
ofthe full spectral range ata high resolution in a 
single acquisition. Raman spectroscopy is a non 


destructive technique based on the detection of 
scattered light to identity and analyze molecular 
species that has been limited to a narrow sector 
of highly skilled researchers with special train 
ing; the RamanStation is designed to make it 
accessible to more users, With the push of a but 
ton, an operator can obtain high-quality infor 
‘mation regarding the identification, composi 
tion, and molecular structure of samples 
Perkin-Elmer For ilormation 781-663-6900 
ven perkinelmer.com/ramanstation400 


Literature 

The Analytical Sample Preparation catalog tea: 
tures a regulated methods and applications guide 
and a fiter guide. Products featured include air 
and liquid monitoring, membrane filters, syringe 
filters, and water purification systems, The Cell 
Biology Application and Product Guide showcases 
a complete range of products to fulfill basic 
needs, such as cell culture supplies and reagents, 
as well as more advanced applications, such as 
stem cell research, The guide also provides mem: 
brane-based cell culture protocols, workflows, 
and application notes. The Immunodetection 
Application and Product Guide includes opt 
mized protocols for commonly used immunode- 
tection techniques such as immunoprecipitation 
and protein immunoblotting, as well as protein 
concentration and antibody purification, 
Millipore For information 978-762-5294 
vewmilligore.com#1 1K 
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‘Cooter fr Transational Medicine 
University of Minnesota 
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The USDA, Animal and Pant Health Inspection 
Service, Foreign Animal Disease Diagnostic Labora 
tory on Plum Iand, New York, i secking a fulltime 
SUPERVISORY VETERINARY MEDICAL OF- 
FICER (GS-15, annual sly of $115,929 vo $145,400 
plus benefits). incumbent will serve as the DIREC- 
TTOR of the Gly. The incumbent must be 2 US. 
citizen and alle to obtain a wert wcurity clearance 
tebile emplned for the postion. A copy of anncaince 
‘ment number 24VS-2007-0175 (pen to the public) 
‘or 6V'S-2007-0223 can be obtained 2 website: 


1s oF call telephone: 

7266 for apheation procedures. This postion 
will be open April 30 through May 29, 2007. Tike 
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FACULTY POSITIONS 

Department of Biopharmaccutical Sciences 

‘College of Pharmacy 
‘The University of Illinois at Chicago 

The Department of Biopharmaceutical Scie 
the College of Pharmacy invites applica 
tcnuie-track positions at the ASSISTANT, ASSO- 
CIATE, or FULL PROFESSOR level in the broad 
fick! of biopharmaccutical sence, with an emphasis 
‘on novel methods of drug and biopharmaccutical 
dalivery and/or molecular pharmacology, The De: 
partment of Biopharmaceutical Sciences has partic: 
lar interests and strengths in pharmaccutics and 
pharmacology related to cancer therapy, The Col 
ge of Pharmacy has complementary 
analytical and medicinal chemistry, proteo 
inical pharmacy with emphasis on cancer chemo- 
prevention, cantiovascular pharmacology, neuro: 
pharmacology, and infectious diseases, We are 
particularly interested in candidates with research 
{nterests that will complement these departmental, 
College and University rescarch efforts, The success 
fal candidate will have a record of peer-reviewed 
publications and grant support in these areas, de 
Pending on rank, and should be prepared to' par 
teipate in the teaching programs in the College 
Faculty rank and salary will be commensurate with 
‘eapericnce and achievements, Applicants must pow 
sess a releyant doctoral degree. Women and minor 
ite are enconrage to apy 

The University of Illinois at Chicago (UIC) 
College of Pharmacy is in the heart of the Mlinois 
Mesical District, which includes the UIC Medical 
‘Center, College of Medicine, the UIC Hospital, and 
other health science colleges. The College of Phar 
‘macy is ranked among the top four U.S, colleges 
pharmacy in total funding from the Nat 
Institutes of Health, The Department of Biophar: 
maceutical Sciences ean offer newly renovated fist 
class laboratory space and a competitive startup 
package. For more information about the College 
‘of Pharmacy and the Department of Biopharma: 
‘ceutical Sciences, sce website: http://www, 
‘edu/pharmacy/, 

Messe submit a letter describing current and 
proposed research actisitis, current curriculum 
the, including. grant funding history, and three 
references to: 

Hayat Onyuksel, Ph.D, 
spl mcr ren a 
partment of Biopharmaceutical Sciences 
College of Pharmacy (MC 865) 
University of Illinois at Chicago 
'833 South Wood Street 
Chicago, IL 60612-7281 


q 


Applications may’ be submitted electronically 10 
‘email: bpscearch@uicedu. The positions ate avail 
able beginning A 15, 2007; review of can 


idates will been 
filled, The Universty af Minos at Chiage isan Affi 
satire Acton Esgasl Opportunity Employer 


STRESS RESISTANCE and AGING in MICE 
University of Michigan School of Medicine 
POSTDOCTORAL POSITION for wuss of 

seress sedance in cel fom long-lived mutant 

tiie, Experience in cell bilogy, sige transduction, 
tr molecular pathology or tontcology required, Send 

‘Srrculum siac, statement of research interests, and 

trance aad conte lnirenation for thre cefrcnecs 

or Richard A. Mille, University of Michigan, 

2.0, Box 2200, 3001 BSRB, Ann Arbor, Mi 

48109; oF to emails millers @umiehved, Epa! 

prone Engr 
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WORLD DEMANDS 
AND YOU DELIVER 


Pioneer's legacy 
of excellence 

is reflected 

in its people. 


pioneer 


DuPont's significant investment in its Agriculture & Nutrition Platform, including Pioneer Hi-Bred International, has created 
challenging, cutting-edge career opportunities for you. Pioneer wants you to be a part of our industry-leading plant 
genetics and biotechnology organization. You will join a team of talented, dedicated professionals. A large number 

of research opportunities exist at our 90+ worldwide research facilities, including our headquarters in Johnston, lowa. 


As the leading developer and supplier of advanced plant genetics, our international presence and affiliation with our 
parent company, DuPont, will give you the opportunity to expand your career, join a growing industry and make a 


positive, global impact. 


The World Demands... Can You Help Us Deliver? 
Lean more about Career Opportunities at http//wwnw. pioneer com/careers 
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AYO CLINIC 


Research Surgeon 
Rochester, Minnesota 


Mayo Cline in Rochester, Minnesota, ls seeing a surgeon of exceptional 
caliber with igh interest and early career successes neve, ransations 
base research to devote up to 75% ert to research and academics. 
Position wi inte membership one ofthe estabished research 
programs in Department of Surgery. when have Inboratory space, core 
factites,tecrvcalsuppot, and mentoring or advancing careers to aeheve 
Independence. These programs conduct research of international stature 
Physiology, immunclogy, Bachemisry, molecular ology. and genetics. 
Compensation is competitne and bene!ts are comprehensive, elude 

8 felocation package. Rechester, act of 95,000, blends cosmopolitan 
atmosphere with Midwest hosotaity. fering cutural amentes of & 
‘symphony orchestra, art canter and repertory theatre: recreational acti 
featuring Several state, count, and ty parks, eight golf courses. and miles 
of bing and hiking tras. With an excellent sero system and averable 
oat of ving, Rochester consistently ranks among Maney maganna’s ‘Best 
Paces to Lie" 


Tolearn more about Mayo Cini or Rochester, MN, please vst 
vw mayoclini or 


Please send letters of interest wth CV and bibtography to: 


Doris Hansen 
Department of Surgery 
Mayo Balding West 
200 First Street SW 
Rochester, MN 55905 


Mayo Fountaton i an affirmative action and eaual oppertunty emetoye! and 
‘ducator Post llr pre-amplyment drug seteening m Mauve 


School of Architecture 


es Junior Faculty Position in 
Sustainable Design and Development 


YALE UNIVERSITY 
ea) School of Forestry & Environmental Studios 


Yale University's School of Forestry & Environmental Studies and School of 
Architecture seck applicants fr an unprecedented joint ladder level Assistant 
Professorship in Sustainable Design and Development, with an emphasis 
the urban emvironment. More specifically, we seckinividuals who have eaper 
tise, r the potential to establish this expertise, i the management and desig 
Furban environmental systems and urbsn ecological infrastructures with & 
gcus onthe neighborhood and community sale rather than the building and 
site scale. Candidates should not only demonstrate an interest in mini 
adverse environmental impacts of urban development but as 
beneficial human connections 
caiidite will be expected toadvie, supervise and instruct both envi 
Studios and archaecture students offering lecture, seminar and or project-based 
‘courses in areas such as sustainable design and development, urban design, 
tran ecology, landscape evology and design, and restoration of urban envi 
ronmental systems. This person will be expected 19 assume a leadership role 
in the rovenily established School of Forestry & Environmental Stadies and 
School of Architecture joint Master's Degree program. We prefer acandidate 
swith advanced training in any ofthe following fields: sustainable design and 
developmcnt, urban design, landscape ecology and design, urban ecology 
architecture, or allie fields. 
Applicants should send a curriculum vitae; statement of research, teaching, 
and or professional practice interest; two representative examples of research 
or professional publications and or design work; and a list of three references 
to: Professor Stephen R. Kellert, Yale Universit, School of Forestry & 
Environmental Studies, 205 Prospect Sree, New Haven, CTO6SII,USA. 
and Professor James Auley, Vale University, School of Architecture, 180 
York Street, New Haven, CT 06811, USA. The deadline for applications 
is July 15, 2007, 
Yale University isan Affirmative Action/ Equa Opportunity Emplover 
Men and women of diverse racial/ethnic backgrounds and cultures 
sre encouraged to appls 
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Focus on Diversity 


“African-American students don't see 
many people like them in careers like 
this. They've seen African-American 
doctors, maybe, but scientists?” 
—Wayne Bowen 


student groups to publicize science career opportunities, After one 
presentation, says Bowen, a student came up to the assembled sci- 
‘entists to tell them about his interest in oceanography. “Even though 
he was at NIH, National Institutes of Health, he saw an opportunity to, 
talk to someone who might know something about oceanography.” 
says Bowen. “There was probably no one at his school who could 
help him at all.” 


Building Relationships As Challenges Grow 

Not every student who finds an interest in elementary or second: 
ary school, however, will choose to pursue it through a demanding 
university program, Many students, of all ethnicities, enter college 
with the intent to study the sciences, and many leave; attrition is not 
confined to a particular group. “But the problem is multiplied for un- 
derrepresented minorities,” says George Langford, Dean of the Cot- 
lege of Natural Sciences and Mathematics at the University of Mas- 
sachusetts at Amherst (UMass). “When students come into the uni 
versity, the numbers of white and black students with an interest in 
the sciences are about the same. However, fewer minority students 
complete their undergraduate degree in the sciences.” One problem 
Is budgetary restrictions: “We don’t have sufficient infrastructure to 
support the numbers of students. It's very expensive to support a 
professor in the sciences, as compared to the humanities. We have 
to invest in labs, in faculty.” Tighter budgets mean large introductory 
classes, which can be daunting, particularly when students don't see 
other African-Americans in the class or more importantly. teaching it. 
“IF ook at UMass,” Langford says, “well, can count the number of 
minority faculty on my fingers.” 

Such a homogeneous faculty can lead to lost opportunities. Often, 
Langford says, African-American students miss out more on what's 
‘not in a syllabus than what is. The issue isn’t preparation, he says; 
it's social capital, the culture of science rather than the content. 
Knowing which professors to approach in a department, and how 
often to drop into their offices; understanding which publications to 
bring up in a conversation, or which professional associations to join; 
assimilating the argot of the industry and separating slang from nec- 
essary jargon: all these skills are as important to success as grades 
‘and lab technique. “Minority students come in without that; so do 
white students; but because it’s transmitted culturally, it's hard for 
white faculty to transmit it to black students. Black students study 
‘extremely hard, they do well, but they don't always meet the cultural 
requirements,” Langford is working with colleagues in other UMass 
colleges, such as humanities and fine arts, developing new courses 
and partnerships to help students and faculty understand the is- 
‘sues they'l face. Facilitating a dialogue between scientists and other 
scholars, Langford hopes, will help life science faculty realize that not 
all essential skills can be gauged with an exam. 

In an effort to bring more African-American scientists to campus, 


2 


UMass has also diversified graduate program recruiting and reten- 
tion strategies. The university leads the Northeast Alliance for Gradu- 
‘ate Education and the Professoriate (NEAGEP), a National Science 
Foundation-funded program that unites large schools such as UMass 
and the Massachusetts Institute of Technology with minority-serving 
partner institutions. NEAGEP's orientation, mentoring, and tutoring, 
provide a stable community for African-Americans who choose to 
study at UMass, while professional development opportunities help 
them negotiate the first steps in their new career. Since the program's 
inception, the percentage of new life science doctoral enrollees who 
are from underrepresented minorities has increased more than five- 
fold, from 3 percent in 1999 to 15 percent in 2005. Other universities 
support similar programs. For example, in the Leadership Alliance 
‘Summer Research Early Identification Program (SR-EIP), headquar- 
tered at Brown, participating students receive a stipend, travel allow: 
‘ance, and housing, and work for eight to 10 weeks with a faculty or 
research mentor at one of 32 alliance institutions. At the end of the 
program, students present their findings at a national symposium. 
The young researchers get valuable lab experience and a great net- 
working opportunity, while faculty can use the program to identify 
talented African-American students; Brown's Bowen says he often 
uses the alliance database for recruiting. 

Other members of the Leadership Alliance include several histori- 
cally black colleges and universities (HBCUs), such as Howard Univer- 
sity, Spelman College, and Xavier University of Louisiana, HBCUS, of 
course, produce significant numbers of African-American graduates 
each year, and many are putting special resources toward science 
programs. At Morehouse College, for example, J.K. Haynes, Dean of 
the Division of Science and Mathematics, touts the Hopps Research, 
Scholars Program, supported by the US Department of Defense. The 
Hops program, in which students do research with chosen mentors 
from freshman year until they graduate and take special classes fo- 
cused on graduate school preparation, kicked off in 2006 with about 
25 participants, but two recent classes of Packard Scholars followed 
a similar program. “At least 70 percent of those young men went to 
graduate school,” Haynes says: with the right resources, he hopes to 
bring that matriculation number up to 85 percent. 


‘Supporting Work Force Breadth and Depth 

‘Support for undergraduate and graduate programs that encourage 
African-American scientists also comes from industry leaders. Merck, 
ina partnership with the United Negro College Fund, awards at least 
37 scholarships a year to African-American researchers at the under- 
graduate, graduate, and postdoctoral levels: to date, the program 
hhas trained more than 370 scientists. To Deborah Dagit, executive 
director of diversity and work environment at Merck, the UNCF-Merck. 
program is far more than a feeder program for her company. “We seek 
to prepare students for careers in the pharmaceutical industry, and 
sometimes with our company, but also in other ways. For example, 
former fellows can be our partners in clinical research.” Increasing the 
number of African-Americans in biotech will benefit the industry as a 
whole, she says; whether Merck sees adirect benefits irrelevant. "We 
really did rease the numberof black scientists, not to benefit 
Merck in particular. If they're working with another health care com: 
pany to address needs within the African-American community, then 
we would have accomplished our goal.” continued » 
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Focus on Diversity 

Like Dagit, Rodney Moses, vice presi- 
dent of talent acquisition and talent man- 
agement at Invitrogen, thinks that diver- 
sity efforts must work to invigorate the 
entire industry, rather than a particular 
company. “We have a day job, which is to 
meet our customers’ needs, but we also 
‘need to invest in the pipeline.” To that 
end, Invitrogen is leading a new initia- 
tive that uses corporate funds to bolster 
science education. Called the San Diego 
Workforce Collaborative, the program is 
a combined effort by the State of Califor- 
nia; a range of local technology and bio- 
technology employers; and the San Diego 
Workforce Partnership, an innovative job 
training and employment program that 
has pooled state and private resources to 
tejuvenate the local work force. Invitrogen 
hopes to augment the funds it already 
contributes to community development 
‘and scholarship opportunities by encour- 
aging other San Diego biotech companies 
{0 join the collaborative. “t's an opportu 
nity for the state to generate $1.3 million 
in scholarship money,” says Moses. “That 
would be a huge win if we could get other 
companies involved.” 


Focusing Resources to Foster Talent 
Even the most skilled and talented stu 
dents, however, can have a hard time 
finding their way once graduation comes 


Amgen 
wwrw.amgen.com 
Brown Universi 
wen brown, 


Invitrogen 
www.invitrogen.com 


JustGarciaHill 
weww.justgarciahill.org 


Leadership Alliance Summer Research Early 
Identification Program (SR-E1P) 


www.theleadershipalliance.org/ 
‘matriarch/default.asp 


Morehouse College 
www.morehouse.edu 


National Association for Blacks in Bio 
www.nab-bio.org 


National Institutes of Health 
Black Scientists Association 
bsa.od.nih.gov/bsaabout.htm 


National Institutes of Health 
Minority Access to Research Careers 
www.nigms.nih.gov/minority/marc.htmt 


Northeast Alliance for Graduate 
Education and the Professoriate 
worw-neagep.org, 


San Diego Workforce Partnership 
www.sandiegoatwork.com 


UNCFe Merck Science Initiative 
woww.inct.org/ merck 


University of Massachusetts at Amherst 
www.umassedu 


versity efforts to thrive, it must support 
employees internally, providing resources 
and connections that increase retention 
and promote talent. At Merck, Diversity 
‘Awards highlight the contributions of Af- 
rican-American scientists, among others, 
and the Black Employee Network offers a 
range of networking and support oppor- 
tunities, The company also offers an inno- 
vative mentor-matching program, which 
works similarly to popular online services 
such as Match.com; it helps interested 
mentors meet other employees who share 
their professional goals and interests. 
Leveraging new technologies to support 
time-tested career strategies, the sys- 
tem can be a big help to a new employee 
searching for advice and guidance. 


Looking Forward, Reaching Out 
Most scientists agree that mentoring, 
whether formal or informal, is key to pro- 
fessional success. According to Amgen 
scientist Karla Savage, “There's a big 
transition going from academia to indus: 
try; things are a bit more formal and more 
organized, and mentors can help to figure 
it out.” Like Merck, Amgen has a Black 
Employee Network (BEN), which provides 
opportunities for networking and profes: 
sional development, brings in outside 
speakers, and helps employees meet 
other professionals who share their am: 


along, Most national science organiza~ 
tions have subgroups that help young Af- 
rican-American scientists navigate career 
planning, but more targeted organizations 
include JustGarciaHill, a virtual communi- 
ty that seeks to support minorities entering science careers, and the 
National Association for Blacks in Bio (NABB), a growing organiza- 
tion that works to create networking and communication opportu- 
nities between African-Americans in science careers. Chad Womack 
founded NABB to fill what he describes as a large gap in the work 
force pipeline. “There's no simple answer.” he says of the lack of Af- 
rican-American scientists. “Part of it is recruitment and retention; not 
just getting people into the pipeline, but getting people in the pipe- 
line out.” NABB holds a national event, African-Americans in the Life 
Sciences (AALS), at the Biotech Industry Organization's annual con- 
ference; regional branches will soon provide further networking op- 
portunities, and a new journal will publicize research openings and 
developments in critical issues such as health disparities. NABB also 
plans what Womack describes as “a biotech boot camp,” a confer- 
ence to help potential entrepreneurs learn how to contact investors, 
Find financing, and commercialize technology. 

Organizations like NABB may make it easier for companies to 
Find talented African-American scientists. But for a company’s di- 


University of Texas Medical Branch 
Science Education, Div. of Community Outreach 
wwrn.utmb.edu/oeo/Student Programs 


bitions and experiences. The group also 
performs outreach, and in this It helps to 
bring diversity efforts full circle; employ: 
ees who have benefited from diversity ini- 
tiatives are eager to pass on what they've 
learned. In February, for example, the Amgen BEN held a youth sum- 
mit to discuss the achievements of black scientists with local Afri- 
can-American students. “Young people are always so excited to see 
people who have impressive jobs,” says Savage. “There's more to 
science than just being a doctor. We can help foster their career ex- 
ploration as they grow older.” 

In the end, building a robust, diverse science work force will take 
vigorous effort from many camps. The good news is that a host of 
programs in government, academia, and industry are dedicated to 
increasing the numbers of African-Americans in science. With con- 
tinued efforts, education and recruiting programs should soon bear 
fruit, bringing new power to the life sciences, Says Merck’s Dagit, 
“We feel strongly that our internal talent needs to match the market- 
place. I think the life sciences have been a little too late to the party 
‘on bringing our talents and resources to bear on solving some of the 
critical issues within a given community. I'm proud to work for a com- 
pany that feels strongly about that.” 

Alethea Hannemann is a San Francisco-based freelance writer. 
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science 


in me. 


Pure Science. It's the building block of life at 
Invitrogen. That's because a career here requires 
an unyielding commitment and focus on 
science. And even though we all have this core 
value in common, we recognize and embrace 
our differences. It’s the uniqueness of the 
individual collaborating across teams, across 
departments, and across cultures that has made 
us a global biotech leader. 


At Invitrogen we understand that creativity and 
innovation are forged best in an atmosphere of 
‘openness where different perspectives, skills, 
and passions are embraced and encouraged. 
We're about asking questions and finding 
answers no matter where the journey takes 

us. We're about taking risks and fearlessly 
embracing new frontiers in science - one 
scientist at a time, one team at a time, one 
customer at a time. 


We invite you to discover life at Invitrogen 
where the spectrum of opportunity is, 
virtually unlimited. 


Visit us online at www.invitrogen.com/careers. 


We are proud to be an Equal Opportunity 
Employer dedicated to hiring a diverse 
work team. 
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NSF-IGERT Opportunities at the 
University of Wisconsin-Madison 


Exceptional students interested in interdisciplinary and international 
environmental study are invited to apply for tainceship with generous 
stipend, tition waver. and health benefits. Opportunities a available 
n two different programs 


Biodiversity Conservation and Sustainable Development in 
Southwest China 


IGERT trainces will address the interactions of ecology, livelihoods, 
and govemance by pursuing a PhD in one of over a dozen depart 
‘ments and participating in IGERT seminars, workshops, language 
training, and field research in the Himalayas of Yunnan, China - a 
biodiversity hotspot.” The application deadline for this program is 
February 1, 2008, 


Lear more: ht 


Cerificate on Humans and the Global Environment - the 
CHANG! 


IGERT (Nelson Institue for Environmental Studies) 


IGERT fellows acquire graduate ce that 
blends natural science, social science, and humanistic approaches 
to understanding environmental vulnerability and sustainability as 
they pursue their PRD. The application deadline f 
January 2, 2008. 


this program is 


Loam more: http:/iwww.sage.wise.edu/igert 


THE UNIVERSITY 


WISCONSIN 


MADISON 


EEBROAD 


INSTITUTE 


The Broad Institute 
was founded to empowit, 
Scientists ofall und 


work together on dificult, 


The Insthute i @ unique 
collaboravon between the 
Mi and Harvard academsc 
and medical communties 
‘and t offers the resources: 
‘and benefits provided 10 at 
MIT employees, including 


It's in Your Genes: 


+ Competitive pay Jina team that works the way 

+ Medical, dental you've always wanted to work 
se ieearence prone Opportunities include: Research 

+ 401(k) plan with Scientists, Research Technicians, 
‘matching contributions Scientific Management. and 


Computational Scientists and 
Engineers, Vist our website to view 
our curtent opportunities and apply 


* Tuttion assistance plan 
+ Four weeks of vacation 


after one year www broad.mitedulinfolcarvars 
+ Fess subsidy program 6 Brood institute 8 an equil 
+ Athletic and ‘opportuniyfallemanve acton 

fitness centers employer. 


* Child care services 


DIRECTOR 
Mount Sinai Cancer Institute 
The Mount Sinai Medical Center A 
Mount Sinai School of Medicine [YeluM 
Mount Sinai Hospital Sinai 
New York, New York 


‘Mount Sinai Medical Center has recently completed a strategic plan 
und has embarked on. | Billion dollar capital campaign. A major prio 

of the strategic plan isa major expansion of cancer programs, resulting 
ina doubling of faculty, research space, and clinical facilites. 


The Director will have the opportunity to build an outstanding com- 
prehensive cancer program with an emphasis on translational research 
leading to therapeutic breakthroughs, 


‘Mount Sinai is currently ranked amongst the top 20 medical schools in 
NIH findingand places strong emphasis on the integration of basic and 
cal esearch. The leadership of The Mount Sinai Medical Center is 


committed to establishing one of the nation’s premier cancer programs 
located in an academic full service medical center. The Medical Center 
will provide the resources necessary to recruit and retain the highest- 
quality scientists and clinicians, 


The position requires thatthe candidate have an M.D., or M.D/PhD. 
an outstanding record of scientific accomplishment in cancer research 
und exceptional leadership ability. 


PROCEDURE FOR CANDIDACY ~ For further information about 
how to apply fortis postion, please contact: Dennis S. Charney, M.D. 
Dean, Mount Sinai School of Medicine, Executive Viee President for 
Academic Affairs, The Mount Sinai Medical Center. One Gustave L. 
Levy Place, Box 1217, New York, NY 10029-6574; Phone (212) 241- 
$674; Fax. (212) 824-2302: Email: dennis.charney/@mssm.edu. 


Assistant/Associate Professor 
Department of Pharmacology, Physiology and Therapeutics 


University of North Dakota 
‘School of Medicine and Health Sciences 


Applications are invited for one full-time tenure-track faculty position 
a the Assistant/ Associate Professor level, Applicants for this faculty 
Position must havea Ph.D. or equivalent degree with at least thn 

Of postdoctoral training. Applicants for the position at the Associate 
Professor level must have evidence of signifi dent funding. 
Preference will be given to those applying mass spectromctric, peo- 
somic and/or modem molecular strategies to areas of existing strength 
the Department; namely cellular signaling, neuroscience and aging. 
A number of our faculty members are supported by a S-year $10.3 M 
COBRE (NIH) grant that was recently renewed for a second 5-year 
period to study “Pathophysiological Signaling in Neurodegencrative 
Diseases.” The successful candidate will be expected to maintain an 
active extramurally funded research program and participate in team: 
taught graduate and medical courses, 


Please send current curriculum vita, contact information for atleast thrve 
ndividuals willing to serve as references, and descriptions of previous 
and proposed rescarch as well as teaching experience to: Dr. Jonathan 
D. Geiger, Professor and Chair, Department of Pharmacology, 
-siology and Therapeutics, Box 9037, University of North Dakota, 
School of Medicine and Health Sciences, Grand Forks, ND $8203, 
(Ph. 701-777-2183, Fax 701-777-4490, jgciger’a medicine.nodak.edu) 
Applications will be reviewed as received until the position is filled. 
The University of Noth Dakota, with about 13,000 students, is located 
in Grand Forks, ND, a family-orientated community of over $0,000 
people with excellent schools, parks, and abundant year-round outdoor 
recreational activities. 


The University of North Dakota is an Equal Opportunity 
Affirmative Action Emplover and invites applications from all 
‘qualified individuals. 


wnemed.und.nodak.edu/depts/phari 


National Institute of Diabetes and Digestive and Kidney Diseases 
Department of Health and Human Services 


DEPUTY DIRECTOR 


National Institutes of Health 


j 


‘THE POSITION: The National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) is secking exceptional candidates forthe 


position of Deputy Director of the Institute, The incumbent serves as a 
ization that conducts and supports biomedical and 
eat, and prevent some of the most common and severe diseases affect 


active partner with the NIDDK Director in the leadership of a $1.8 
havioral rescarch, The NIDDK supports and conducts rescarch to 
the public health, and disse 


ates research findings 


and health information to bealth care professionals, patients and the public through national health information and edu 
(httpy/vww2.niddk.nil.gov/). This position offers a unique and exciting opportunity for an extremely capable individual 10 share 


responsibility in providing stron, 


trey ind speak on behall of, the Director 
officials, eaders of national voluntary and professional health o 


QUALIFICATIONS REQUIRED: Applic 

of research programs 
tion: and kidney. 

known and respected within their professions as distinguished ind 


experience or knowle 
eases; digestive disea 


retirement, health and fife insurance, 
bhackground investigation, 


HOW TO APPLY: A Curriculum V 


packages should be sent to the National tnstitutes of Health (NIH), National Institute of 
(NIDDK), 31 Center Drive, MSC 2560, Building 31, Roo 
(301) 594-7772, All information provided by 
process without a signed release from candid 


{ visionary leadership to an 
buisie and clinical, The NIDDK seeks candidates who have a commitment to sci 


thinking necessiry to help kead major strategic plannin 


nganization dedicated to uncover 


z new knowledge and technologies, both 


ic excellence and the energy, enthusiasm, and innovative 

itiatives and their subsequent careful implementation, The Deputy will be expected 
the Institute before Members of Congress and their staffs, high level Goverment 
tions, and leaders in business, science and academ 


MD., Ph.D., or equivalent degree, as well as senior-level research 


‘or more of the following disease areas: diabetes, endocrinol 
tologic diseases. Candida 
iduals of outsta 


and metabolic dis 
ex should be outstanding communicators 
competence. Applicants should also 


ative approach to problem solving and decision making, 


raphy. and two letters of recommendati 


a must be received by July 2, 2007, Application 
iabetes & Digestive & Kidney Diseases 
9A-16, Bethesda, Maryland 20892. For further information, please call 


‘dential andl will not be released outside the NIDDK search 


DHHS and NIH are Equal Opportunity Employers 


CHAIR 
Department of 
Cell Biology 
Yale University 
School of Medicine 


Yale University School of Medicine 
announces a search for Chair, Department 
of Cel Biology. This department, which was 
foundod by Geonge Palade inthe early 1970"s, 
can be arguably considered the birthplace of 
modem cell biology, and its research has 
consistently been at the forefront of the fel. 
expected to 
yeademie record in 
research and education, together with dem 
onstrated leadership capacity. He'sbe must 
micet the requirements for appointment as 
Full Professor at Yale, 


Interested candidates should send a curricu- 
lum vitae and bibliography 

of programmatic goals, and alist of profes- 
sional references prior to July 30, 2007 ether 


Jorge E. Galan, Ph.D. 
Chair, Cell Biology Search Committee 
‘c/o Elinor Lutch 

Dean's Office, Vale Medical 
333 Cedar Street, C203 SHM. 
Past Office Box 208085 
New Haven, CT 06520-8085 


Yale University is an Equal Opportunity 
Affirmative Action Emplayer. Minurities and 
women are encouraged to appl 


Santa Fe Institute 


Undergrad, Grad, 
Postdoctoral Fellowship 
Opportunities 


Annual Complex $ 
Summer School/Graduate 
Workshop in Computational 
Social Sciences/ Postdoctoral 
Fellowships. 


‘stems 


Application deadlines vary. 
Sce: www.santafe.edu 


SEl is a private nonprofit science 
research and educational center 
focusing on the common fun- 
damental principles in phy 
computational, biological, and 
social complex systems. 


SFI is an equal opportunity employer. 
‘Women and minorities are encour- 
aged co apply. 


AFFYMETRIX, 
= 


- 


Aflymetrix, Inc. is a pioneer in er 
ing breakthrough tools 

ing the genomic revolution, We are 
actively recruiting in our Emeryville, 
nento, Santa Clara 
ncisco locations, Pos 
wvailable at various levels in th 


Associates) 
+ Manufacturing (Engineers) 
inance/IT and Human Resources 
(Analysts, Programmers, Aecoun- 
tants) 

les and Market 


ng, 


To apply for one of these positions 
or to explore other career opportuni 
ties with us, please visit Affymetrix 
online at bitp://wwwcaflymetris.com 
corporate/careers/index.afl 


Affimetrix is an Equal Opportunity 
Employer: 
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The Hone Kone 


POLYTECHNIC UNIVERSITY 
POMTAR 


DEPARTMENT OF HEALTH TECHNOLOGY AND INFORMATICS, 
CHAIR PROFESSOR (tenable from 1 September 2007) 
ty isthe largest eovernment-funded tertiary institution in Hong Kong. witha total student headcount of about 27,500, of which 


-ienceCareers.org 


¢ 


six faculties, as well as? wdependent schools, [thas a fllstime academi 
{s in excess of HKS4 billion per yeu. 
The Hong Kong Polytechnic University aims to appoint a Chair Professor to 
search and teaching. The position, enable from 1 September 2007, is expected to be filled preferably by a leading academic inthe areas of either "Biomedical 
Scienco” oF “Medical Imaging & Radiation Scien 
The Department of Health Teshnology and Informatics houses the disciplincs of Biomedical Engineering, Medical Laboratory Science and Radiography. The Depart 
‘ment offers programmes at various levels, from BSc to PhD. The Department currently has 29 faculty members, with over 20 technical, clinical and administrative 
onc, plus around 8 rescarch students and escarch sf, 13S postgraduate students, and 300 undergraduate students. Itisakey leading academic unit inthe Joint 
Univenstics Consortium on Biomedical Engincering ~ a decp collaboration between The Hong Kong Polytechnic University and The Chinese University of Hong 
Kong. The Department hosts an intenscipliary Rescarch Centre for Musculoskeletal Bioengineering and the Joint PolyU-Zhejiang University Research Centre for 
sand Rehabilitation Enginecring.l operates two clinics providing wpecialised services, namely, the Jockey Club Rehabilitation Engincering Cente an 
adiography Clinic. Information on the Department can be obtained through its depurtumental homepage at http://www pobyu.cdu. BK, 
Applicants should have a PAD degree and an outstanding track rcord as a Professor for some years, Previous working expericnce in the professicaal discipline 
and a recognised professional qualification are desirable. The candate must have attained international recognition in his her expertise, a strong track record of 
publications in top-tier intemational journals and an exemplary record of external rescarch and consultancy Funding. Inerdsciplinary leadership experience would 
bbe considered as a majo 
ital appointment will be made on a fixed-term gratuity-bearing contact, Re-engagementthcteafer is subject to mutual agreement. Remuncraton package will be 
ighly competitive. 
Applicants are invited to send detailed curriculum vite with names and addresses of two referees to the Human Resources Office, LVF, Li Ka Shing Tower, The 
Hong Kong Polytechnic University, Hung Hom, Kowloon, Hong Kong (Fax: (882) 2768 3374; E-mail: hrtaffa polyweduhk). Recruitment will continue 
until the position Is filled. Candidature may be obtained by nomination. The University reserves the right not to fll this post or to make an appoint 
by invitation 3 verity is available on the University’s World Wide Web Homepage http:/iwww.polyu.edihk, or fom 
¢ 2766-4683), Details of the University’s Personal Information Collection Statement for recruitment can be found 


Nurturing talents and innovating since 1937 MOBADCre WRATH 


TENURE-TRACK FACULTY POSITION 


Environmental Physics & Climate Dynamics SCHOOL OF 
y VETERINARY MEDICINE 
University of Wisconsin-Madison 
Tenure Track Faculty Positions for 
Influenza Research: 
Epidemiology, Immunology, Bioinformatics 


The Divisions of Enj ience 
and G ical and the 
California Institute of Technology invite applications 
and nominations for a tenure-track faculty position in 


Environmental Science and at the The Department of Pathobiological Sciences, School of Veterinary 
assistant professor level, Medicine, University of Wisconsin-Madison, invites applications for 
three tenure track faculty positions to collaborate with investigators in 
The normal term of the intial appointment is four years and is molecular virology. pathogenesis, nd cellular immunology at its new 
contingent upon completion ot a Ph.D. degree. Exceptionally nfluenza Research Institute. Applicants must have a PhD in epidemiol 
Qualified applicants may also be considered at the Associate or gy, immunology, or bioinformatics, keen interest in influenza research, 
Full Professor level a strong record of research productivity commensurate with experica 
a well as the ability and desire to establish an extramurally f 
ur focus is on candidates who have an outstanding research research program. Candidates are expected to develop a solid 
record in environmental physics o¢ climate dynamics and have a exiramurally funded inflyenca research program, preferably in innate 
‘commitment to teaching in these areas. Research areas may immunity 10 viral infections, the epidemiology of influenza domesti- 
Include: atmosphere and ocean dynamics, climate physics, cally and intemationally, of viral evolution and bioitformaties of viral 


‘cloud dynamics, air-sea interactions, and ice dynamics. proteins and RNA, Successful candidates will participate, to a limited 
extent, in the instructional activities of a professional, undergraduate, 
and/or graduate course related to their discipline. Relevant post-doctoral 
Applicants are asked to visit: ‘or prior faculty experience isrequited. Positions will be filed atthe level 
silver ees. caltech.edulsenscbleew. climate of Assistant Professor 
for instructions on how to apply online. Electronic (pdf) copies of 
‘a curriculum vitae (including a ist of publications), a statement 
of teaching and research interests, and three publications are 
roquired as a part of the application 


Applications, including eurriculu 4 short letter of research 
interests, and names and addresses of at least three references should 
bbe sent via surface mail or email to: Dr: R.D. Schultz, Professor and 
(Chair, Department of Pathobiological Sciences, School of Veterinary 
Medicine, University of Wisconsin-Madison, 2015 Linden Drive 
Madison, Wisconsin $3706-110: wlter(@ svi 

yetmed.wise.edu. 


‘enn mori wir on eb prams or coma op The University of Wisconsin is an Equal Opportunity and Affirmative 
Action Employer. Minorities and women are strongly urged to appl 
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of Nanomaterals 


/,) Tenure-Track Position in Endocrinology and Metabolism and Human Obesity 
NIDDK ©) National Institute of Diabetes and Digestive and Kidney Diseases 


We seek an outstanding scientist to direet a vigorous, innovative research program in the Clinical Endocrine Section of the Clinical 
Endocrinology Branch to advance knowledge in the area of obesity and weight regulation with particular emphasis on the neurocn- 

{regulation and the role of sleep in obesity. Applicants must be highly motivated and have a demonstrated 
track record through publications that address significant contributions to the field of endocrinology and metabolism. The successful 
candidate is expected to de i. World-class research progrant complementary to current investigations within the 
Branch. The position comes with generous startup fund§ and on-oing Support. 


The Clinical Endocrinology Branch, NIDDK i$ located on the main NIH campus in Bethesda, Maryland, a suburb of Washington 
DC. The Branch represents interests similar in range to those of an academic department, There are strong interactions among the 
independent research groups, andthe position offers unparalleled opportunities for interdisciplinary collaboration within NIDDK 
and throughout NIH. Applicantsshould submit a curriculum vitae, bibliography. copies of three major publications, a summary of 
research accomplishments, a brief statement of future research goals, and arrange for three leitets of referenGe to be sent to: 


Dr. James Balow, Chair, Search Committee, c/o Glynnis Vance, NIDDK, 9000 Rockville Pike, Building 10-CRC/Room 5- 
2551, National Institutes of Health, Bethesda, MD 20892, 


Application Deadline; June 8, 2007 


“/,) Tenure-Track Position in Clinical Research in Diabetes and Kidney Disease 
NIDDK Y National Institute of Diabetes and Digestive and Kidney Diseases 


We seek an outstanding seientist to direct a vigoOusyinnovative clinical research progtam inithe epidemiology, physiol- 
ogy, and treatment of type? diabetes, diabetic nephropathy, ind related disorders, Applicants must be highly motivated 
and have a demonstrated track record through publications that addféss significant issues of causation, prevention, and 
treatment of these conditions.“Applicants must also be licensed to practice medicine in one of the United States and 
have substantial experience in comniunity relations, recruitment, and clinical research among US minority groups. The 
successful candidate is expected t0 develop an independent, world-class research program complementary to current 
investigations within the Phoenix Epidemiolagy and Clinical Research Branch (PECRB). The position comes with 
generous start up funds and on-going support. 


‘The PECRB, NIDDK is located in Phoenix, Arizona. The Branch represents interests similar in range to those of an 
academic department. There are strong interactions among the independent research groups, and the position offers 
unparalleled opportunities for interdisciplinary collaboration within NIDDK and throughout NIH. Applicants should 
submit a curriculum vitae, bibliography. copies of three major publications, a summary of research accomplishments, 
a brief statement of future research goals, and arrange for three letters of reference to be sent to: 


Dr. James Balow, Chair, Search Committee, c/o Glynnis Vance, NIDDK, 9000 Rockville Pike, Bldg. 10-CRC/Rm. 
5-2551, National Institutes of Health, Bethesda, MD 20892. 


Application Deadline: June 8, 2007. 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS, 


_WWW.NIH.GO 


Tenure-Track Position in Human Energy Metabolism 
NIDDK ©) national institute of Diabetes and Digestive snd Kidney Diseases 


We seek an outstanding scientist to direct a vigorous, innovative research program in human energy metabolism and serve as Director 
of the newly established Metabolie Core Laboratory (MCL), Clinical Endocrinology Branch, NIDDK. The MCL performs a number 
of analyses ineluding exercise testing, physical activity monitoring, body composition measurement, and 24-hour energy expenditure 
analysis in health and disease, Applicants must be highly motivated and have a demonstrated track record through publications 
that address significant contributions in the areas of energy expenditure and physical activity as it relates to metabolism and weight 
regulation, The successful candidate is expected to develop an independent, world-class research program complementary to current 
investigations within the Branch and to successfully ayersee the functionigg of the MCL. The position comes with generous start 
up funds and on-going support. 


The Clinical Endocrinology Branch, NIDDK iS Jocated om tH main NIH campus fin Bethesda Maryland, a suburb of Washington 
DC. The Branch represents interests similain range to those of an academic department. There are.strong interactions among the 
independent research groups, and thé:positfon offers unparalleled opportunities for interdisciplinary Collaboration within NIDDK 
and throughout NIH. Applicants SkOuld Submit a curriculum vitae, bibliography, copies of three major publications, a summary of 
research accomplishments, a brief statement of future research goalsyand arrange for three lettensF reference to be sent to: 


Dr, James Balow, Chair, Search Committee, c/o Glynnis Vance, NIDDK, 9000 Rockville Pike, Building 10-CRC/Room 5- 
2551, National Institutes of Health, Bethesda, MD 20892. 


Application Deadline: June 8, 2007 


Diabetes Unit For students, recent graduates, and 
Postdoctoral Research Positions Postdoctoral, research, and clinical fellows. 


Laboratory investigations focus elucidating molecular mecha- ‘Your ome guide to training with the best 
nisms for functional foods and nutritional supplements that may 
be beneficial for treating diseases such as diabetes and metabolic 
syndrome that are characterized by reeiprocal relationships Datnedical research intiution 
between insulin resistance and endothelial d¥sfunction (see 

Circulation 113:1888-1904, 2006). Positionsare available for {n Bethesda, Maryland, 
scientists with M.D. and/or Ph.D. degrees and less than five years dnote Niieaeme 
of postdoctoral experience. Molecularand cellular biology e¥pe- 

rience and a strong publication record are essential. The salary 

Will be commensurate with your experience. 


atthe word’ largest 


The Diabetes Unit, NCCAM provides state-of-the-art research 

wilities in the fam at NIH in addition to a 
collegial and nurturin vironment. Please forward 
your CY, bibliography, list of three references, and a cover letter 
stating your scientific interests and experience to: 


Michael J. Quon, M.D., Pb.D. (email:quonm@ nib.gov. Dia- 
betes Unit, NCCAM, NIH, 10 Center Drive, Building 10, 


Room 6C-205, Bethesda, MD 20892. Wwwuw.training. nih. gov 


NATIONAL INSTITUTES OF 


Tenure-Track Position in Molecular Genetics 
NIDDK @) _ ational institutes of Diabetes and Digestive and kidney Diseases 


We seek an outstanding scientist to direct a vigorous, innovative research program in Molecular Geneties in the Geneties 
and Endocrinology Section/Metabolic Diseases Branch. Applicants must have a demonstrated track record of significant 
publications that address identification and mechanisms of action of tumor genes. The successful candidate is expected to 
develop an independent, world-class research program complementary to current investigations within the Branch, The 
position comes with generous start up funds and on-going Support 


‘The Metabolic Diseases Branch of NIDDK is located on the main NIH campus in’ Bethesda, Maryland, a suburb of Wash- 
ington DC. The Branch represents interests similar in range to those of an academic, department with groups studying 
G-proteins and hormone-seereting tumors including those mediated by the MEN] or HRPT2 genes in man. The 
strong interactions among the three independent research groups, and the position offers unparalleled opportuniti 
interdisciplinary collaboratiohwithin NIDDK and throughout NIH. Applicants should submit a curriculum vitae, bibli- 
ography, copies of three major publications, a summary of research accomplishments, a/brief statement of future research 
goals, and arrange for three letters of reference to be sent to: 


Dr, Dan Camerini-Otero, Chair, Search Committee, c/o Linda Robinson, NIDDK, 9000 Rockville Pike, Building 
5/Room 201, National Institutes of Health, Bethesda, MD 20892. 


Application Deadline: June 15, 2007. 


6 Tenure-Track Position in Human Molecular Genetics 
NIDDK i) National Institute of Diabetes and Digestive and Kidney Diseases 


We seck an outstanding seieitist to directa vigor) infibvative rescarch program in the moleetilar géheties Of Hliman’type 2 diabetes 
and/or obesity, in particulars these diseases relate to the Pima Indian population of Arizona. Applicants must be highly motivated 
and have a demonstrated track.revord through publications that address sigificant issues of distovery of genetic susceptibility 

tors to these conditions in human populations. The successful candidate is expectedlto develop an independent, world-class research 
program complementary to current jnyestigations within the Phoenix Epidemiology aid Clinical Research Branch (PECRB), The 
position comes with generous start up fud8 and on-going support. 


The PECRB, NIDDK is located in downtown Phoenix, Arizona: The Branch represents interests similar in range to those of an 
academic department. There are strong interactions among the independent research groups, and the position offers unparalleled 
opportunities for interdisciplinary collaboration within NIDDK and throughout NIH. Applicants should submit a curriculum vitae, 
bibliography, copies of three major publications, a summary of research accomplishments, a brief statement of future research goals, 
and arrange for three letters of reference to be sent to: 


Dr. Dan Camerini-Otero, Chair, Search Committee, c/o Linda Robinson, NIDDK, 9000 Rockville Pike, Building 5/Room 201, 
National Institutes of Health, Bethesda, MD 20892. 


Application Deadline: June 15, 2007, 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


NIDDK © POSTDOCTORAL FELLOWSHIPS IN MOLECULAR AND CELL BIOLOGY 
Y National institute of Diabetes and Digestive and Kidney Diseases (NIDDK) 


We are seeking outstanding postdoctoral candidates holding a PhD. an MD or an MD-PhD with a background in molecular and cll biology and genetics 
interested inthe following research topics: 


A) IDENTIFICATION OF NOVEL REGULATORS OF MESENCHYMAL STEM CELL SPECIFICATION 

The laboratory studies the transcriptional regulation of adipogenesis and is currently intrested in the charactcrization of novel molecules tha can influence 

adipocyte call lineage specification. If you would like to apply for a postdoctoral position inthis laboratory, please send your curriculum Vitae with a cover 

letter to Dr Elisabetta Mueller (elisabettamdiniddk.nih gov). To learn more about our research, please visit our lab website at Wttp://Intramural.niddk.alh, 

gov/research/faculty.asp?People_ ID=1702 

1B) SKELETAL MUSCLE STEM CELL REGULATION 

‘Our laboratory studies the role of TGF-beta Family memberyin ejctal Wile development and metibolisMi A postdoctoral position is available to study 

the regulation of adult skeletal muscle stem cell quiescence and activation. Please send your curriculam vitag witha cover leter to Dr. Alexandra MePhctron 
‘wniddk nih gov), To learn more about our research, please visit our lab website at http:/atramural.nlddk.athpov/rescareh/faculty.asp?Pcople_ 

©) BIOLOGY OF SPHINGOLIPID SIGNALING 

The laboratory studies the signaling functions of sphingolipid, a diverse gfoup of cellulaipids, with focus on their roles immunity and inflammation. you 

‘would like to apply fora postdcetoral position in this laboratory, pleasé send Your curriculum Vitae with a cover letter to Ox. Richard Proia (proia@nih gov), To 

Jearn more about our research, please Visitour lab website at htps/fiatramural.aiddkcath gov/research/faculty.asp?People_ID=1833, 


Applications will be reviewed upon REEipt. The selected anddates wil Be egotacted for aflinterview within a month from the application. 


Postdoctoral Research 
Training at NIH 


Launch a career to imprdve human health 


Work in one*of 1250 of the most innovative and well 
equipped biomedical, research laboratories in the world 


Explore new.options in interdisciplinary and 
bench-to-bedside research 


Develop the professional skills essential for success 


Earn an excellent stipend and benefits 
Click on www.training.nih.gov 


Office of Intramural Training and Education 


Chief Scientist to head new theoretical biology or bioinformatics laboratory 
Permanent Position, RIKEN 


RIKEN invites applications for the position of Chief Scientist (Laboratory Director) to head a new laboratory for theoretical biology or 
bioinformatics. Applications trom overseas are welcome. The successful candidate will be responsible for the laboratory's overall management 
and research strategy, directing research projects and contributing to more general aspects of RIKEN's management and research planning 
activities. 

Laboratory - RIKEN Discovery Research Institute (DRI) will establish a new laboratory for biology research focusing on in silico biology. One 
of the directions taken by the life sciences in the post-genome era is the in silico reconstitution of biomolecules, cells, and tissues us 
theoretical and mathematical approaches. Related to this is bioinformatics, the processing of massive volumes of omics databases, 


Job title and number of positions - Chief Scientist, one person 
Qualifications - Applicants should have ability and experience equivalent to that of a professor who manages research at a university 


graduate school, and appropriate research experience supported by a distinguished research record and the ability to play a pivotal role 
in these areas. This position is open to all nationalties. 

Location - RIKEN, 2-1 Hirosawa, Wako, Saitama, 351-0198, JAPAN 

Status - The post is a permanent appointment, subject to RIKEN's mandatory retirement age of 60. However, itis possible, depending on 
evaluation results, to continue research after the age of 60 (73 maximum) as a Distinguished Senior Scientist. Terms and conditions of 
employment shall include a director-level salary, annual salary system, and bonuses, and be in accordance with RIKEN's procedures for 
appointing Chief Scientists. 

Deadline and documents to be submitted - Applicants should send a full curriculum vitae and photograph; list of publications; one copy 
each of five key publications; a statement (about 5 A4-size pages) explaining former research experience and proposals for research at 
RIKEN; and the names and addresses of three reterees. Please write to the address below for further details. All applications should reach 
RIKEN by September 30, 2007. 

Personal information - Submitted documents will be handled in accordance with the RIKEN rules concerning personal information, and 
only used for screening applications for this position. Personal information will not be disclosed, translerred, and lent to any third party 
Without a justifiable reason. 


Starting date - Aprit 1, 2008 or as soon as possible after then. 


Notes - Submitted documents will normally not be retumed. Information about RIKEN and its procedures for appointing Chiet Scientists 
| available on the RIKEN website: http://www.riken jp/engn/r-worid/info/recrultindex. him! 


Inquiries, and where applications should be submitted - Dr. Minoru Yoshida, Head of the Chiet Scientist Nominating Committoo, 
Chemical Genetics Laboratory, RIKEN, 2-1 Hirosawa, Wako, Saitama, 351-0198, JAPAN Tol.: +81-48-467-9516 / Fax: +81-48-462-4676 / 


E-mail: yoshidam@riken.jp 


Open Rank 
Tenure Track Position 


University of Heidelberg | | } fs'istns! asics 


Tho Faculty of Medicine Mannheim, University of Heidelberg ofr ho postion ofa mnescacen yocearen 
rut Erofessor (2) of ronony, Candidates should have & PRD.. DVM 
Dr. . ler M.D. witha stony record of ce 
TaFul Plesont ba arsed poston Th accachd conto sad hana feeonpldoonen ar pordocell fle 
record of qamoains. in all areas of urology. The Department of Urology should secure | ed rte established 
{evel patent care inal cinical in- and outpabent areas. shoud furthermore have a specal Se castalied procicetvay 94 an exiblite 
(01 Uro-Oncology. The successt candidate shoud actively take part n estabished and Gevelonng y is chosen will be 
‘Sar oe ote ray i oto ree nay sec ace ation The 
shale navel stay aha sou oy precucaty be wrserreduele Chapel Hil 
The sons carats aboard cated ult and shad ghia. tte- | | I Aonicns shal sonda coisas 
Talonaly ackrowiadpe acsdere gucaions commana wif zee | | || din otc al nes 
ieee, ecrrhieraie expetence and en oF ceparimental ranceg in | | YO cet dehnston 
‘Tra sucossh cnc wi ut ior ica fs whe Lars Macal Cone Marr: Director, Carolina Vaccine Institute 
to this end he/she wil be (Chairperson of the Dept. of Urology at University Medical University of North Carolina 
Manon nts respect nese wit fegotate a seperate contrast wan tw Uniorsty Mocca at Chapel Hl 
Cerire Maneham Campus box #7292 
‘hepa welt rit cme ft ba ccna ben o 4 
eccrmeas sorter re beccen recermenrte chap N29 
‘anddatescarnot bo atraced orerwo, Won te posta anaes ohet ta tariz0 rack DONG He johnsti@ med.unc. 
Sepsis rnnaot te opened 
The University of Heidelberg is an Equal Opportunty/Afirmative Acton Employer. We strongly encourage applications from 
ase elie arch pcre aah Pg aoa gd ate wadlaeh sir ymanee women and minorities. The University of 
ss to me arucras tng: oi North Carolina at Chapel Hillis an Equal! 
et 4 wack of plication Dr. ‘Opportunity Emplover 
the Faculty of Medicine Mannheim, of Medical Centre 
city ste Univoraty of Heidelberg, University 


diseevey Your future at JCU 


School of Veterinary and Biomedical Sciences 


Townsville, Australia 
ASSOCIATE PROFESSOR AND HEAD OF ANATOMY ~ Reference number 7079 


We are seeking an outstanding anatomist who can provide effective and dynamic leadership for the Discipline of Anatomy within the context of multiple degree 
programs in the Faculty of Medicine, Health and Molecular Sciences. Anatomy is taught in a broad range of courses, including Medicine, Rehabilitation Sciences, 
Pharmacy, Sport and Exercise Science, Nursing Science, Medical Laboratory Science. The successful applicant will be expected to have an ongoing research 
program, 

Salary: Associate Professor ~ Academic Level D - AS91,559 - $100,724 per annum. 


LECTURER/SENIOR LECTURER ~ PHARMACOLOGY ~ Reference number 7080 


The School of Veterinary and Biomedical Sciences is seeking a Pharmacolagist to join the Discipline of Physiology and Pharmacology within the Faculty of Medicine, 
Health and Molecular Sciences. Pharmacology is taught in a broad range of courses, including integrated Veterinary Science and Medical Curricula, Rehabiitation 
Sciences, Biomedical Sciences, Sport and Excise Science, Medical Laboratory Science, Pharmacy, and Nursing Science, The successful applicant will have the 
‘opportunity to work wth existing academic strengths in the development and delivery of innovative currcua in 2 range of degree programs and to pursue research 
‘opportunities relevant to the region 


Salary: Lecturer ~ Academic Level B - AS62,531 - $73,990 per annuen or Senior Lecturer ~ Academic Level C ~ AS76,281 - $87,740 per annum. 
LECTURER/SENIOR LECTURER ~ PHYSIOLOGY ~ Reference number 7081 


The School of Veterinary and Biomedical Sciences is seeking a Physiologist to join the Disciptine of Physiology and Pharmacology within the Faculty of Medicine, 
Health and Molecular Sciences. Physiology is taught in a broad range of courses, including integrated Veterinary Science and Medical Curricula, Rehabilitation 
Sciences, Biomedical Sciences, Sport and Exercise Science, Medical Laboratory Science, Pharmacy, and Nursing Science. The successful applicant will have the 
‘opportunity to work wth existing academic strengths in the development and detivery of innovative curricua in a range of degree programs and to pursue research 
‘opportunities relevant to the region 

Salary: Lecturer ~ Academic Level B- AS62,531 - $73,990 per annum or Senor Lecturer - Academic Level C~ AS76,281 - $87,740 per annum. 


Enquiries tor Associate Professor Lee Fitzpatrick, telephone +617 4781 4449 


Caims, Australia 
LECTURER/SENIOR LECTURER ~ PHYSIOLOGY - Reference number 7082 


The School of Veterinary and Biomedical Sciences is seeking a Physiologist to join the Discipline of Physiology and Pharmacology within the Facuity of Medicine, 
Health and Molecular Sciences. Physiology is taught in a broad range or courses, including integrated Veterinary Science and Medical Curcula, Rehabittation 
Sciences, Biomedical Sciences, Sport and Exercise Science, Medical Laboratory Science, Pharmacy, and Nursing Science. The successful applicant will have the 
‘opportunity to work with existing academic strengths in the development and detivery of innovative curricula in a range of degree programs and to pursue research 
‘opportunities relevant tothe region 

Salary: Lecturer ~ Academic Level B- AS62,531 - $73,990 per annum or Senior Lecturer ~ Academic Level C~ AS76,2B1 - $87,740 per annum. 

Enquiries to: Profesor Pillip Summers, telephone +61 7 4781 4758, e-mail Philip. Summers@jcu.edu.au 


Employment Type: Appointments wil be ful-time on a continuing basis subject toa probationary period. 
Benefits include generous employer superannuation contribution and attractive options for salary packaging. 


‘Applicants must follow the Method of Application procedures (Including systematically addressing the Selection Criteria). Further information is 
ailable at htp://wwnjeu.edu.au/jobs/ or by contacting the Recruitment Officer, Faclty of Medicine, Health and Molecular Sciences, telephone: 
+61 7 4781 6209; e-mail Adele.Goalder@jcu.edu.2u 

‘Applications cose on 1 June 2007, Please quote the appropriate reference number, 


The Univers saves the ight tite apis i to make an ppt 
ua peat in ploy nes Pcy 


Visit our website: 


www.jcu.edu.au 


ScienceCareers.or 


Africa Rice Center 


A University to (WARDA) 
match your ambitions invites ae for the 


UCD is at the forefront of leading edge research and teaching activities 
across a wide range of disciplines. Our current academic leaders are 
recognised, nationally and internationally as innovative and creative 
contributors to their specialist fields, Successful candidates will play 2 
critical role in helping UCD to further build its reputation as an 
internationally recognised centre of academic excellence. 


Assistant Director General 
for Research & 
Development (ADG-RD) 
(Ref. no. IRS 005/RD/PL2/07) 


Applications will be received 
until 15 June 2007 


WARDA is one of the 15 
international Centers 
supported by 
the Consultative Group on 
International Agricultural 
Research (CGIAR). 


enceCareers.org 


a 


The Governing Authority of the University invites applications for 
the full-time permanent postion of 

College of Engineering, Mathematical 

and Physical Sciences 

Professor of Physics and Head of School 

Ref:002314 


Prior to application, application details (including application 
procedures) can be obtained from: 
UCD Personnel, University College Dublin, Belfield, Dublin 4, 


. (quoting the above reference number) For detailed position 
USEULSE Email: Aisling Kinsella@ucdie Web page: www.ucd.ie/vacancies announcement, please visit 
education lofumconciar our website: 
cate man www.warda.org 


capital. 


For an informal discussion of the post please contact: Gerard O'Sullivan, 
Professor Emait gerry.osullivan@ucdie Tet +353 1716 2211 
Closing date for receipt of applications 
is no later than 5.00 p.m. on Friday 22 June 2007. 
{UCD an esl opportunities employe. 


Assistant Professor 
Department of Plant Sciences 
University of California, Davis 


| I Fromme conte \ IT 
Forechangsutrert - ogtnde 1028 


‘The Faculty of Chemistry and Biosciences atthe University of Karisrune 
(TH) has an apening for a 


The Department of Plant Sciences, University of California, Davis, 
CA invites applications for an Assistant 


rofessor position, Successful 
candidate's rescarch will focus on using new theoretical approach 


W3 Professor for Theoretical Biophysics 


to be recruited at the eariest possible dato within the framework of the 
‘excollence inate. 


The candidate Is expected to carry our basic research in the field of 
theoretical biophysics. These activities should complement the current 
topics ofthe lfe sciences in Karisrue (structure of biological interfaces” 
“biological functionality of nanostructures", “structure and dynamics of 
‘molecular interactions") and strengthen the interdisciplinary approaches 
‘within the Karlsruhe Institute of Technology (KIT). Research topics should 
be focussed on the field of celular biophysics (2. g. modeling of cell-cal 
‘oF cell-surface interactions, theoretical analysis of cellular mechanics or 
Physics of tissues) or molecular biophysics (2. g. modelling of multiprotein 
‘complexes, biomembrs ms, protein networks, oF intracellular 
signaling cascades) 


Teaching wit cover the areas of biophysics and cel biology atthe under- 
‘graduate and graduate level nthe courses of Biology and Chemical Bcogy. 
Lectures in biophysics for graduate students of Physics willbe encouraged. 
‘The successful candidate is expected to contribute to administrative and 
‘cuticular actives in the Faculty. 


The candidate should have a Habitation or equivalent scientific standing 
_and experience. Applications from qualified women are strongly encouraged. 
Handicapped applicants will be treated preferentially f equally qualified. 


In the case of a first-time appointment to a professorship, contracts are 
subject to a later tenure decision; exceptions are possibie, 


‘Applications containing the usual supporting materials and including five 
Ssolacted reprints should be addressed to the Dean, Faculty of Chemistry 
and Biosciences, Universitit Karlsruhe (TH), Kaiserstr. 12, 76131 
Karlsruhe, Germany by May 31, 2007. 


computational biology methods to effectively mine the large mul 
sional datascts generated by global genomic technologies to understand 
the basis of quantitative phenotypes and the consequences of natural 
sariation in wild and domesticated plant pops 


The position is one of seven positions in a campus-wide Computational 
Networks Initiative and thus the’ ist would be expected to Work 
collaboratively with other faculty hires wader the initiative, The ability 
to teach undergraduate and graduate students is a requirement and the 
successful 

titative genetics and/or biological 
other undergraduate and or graduate courses as they relate to th 
of expertise and to the Plant Science curriculum, A Ph.D. or equivalent 
level of experience in genetics or related fields is required, 


ach subjects related to qua 


Please referto http://plantsct 
tion details and online application process. Please include statements of 
research and teaching interests, curriculum vitae, publication list, cop 


ju for posi 


of 3 of your mos important research publications, copies of undergrad: 
ate and graduate transcripts (if within $ years of ether degree), and the 
names, ¢-mail addresses. and telephone numbers of atleast fix 


e profes 
sional references. For technical or administrative questions regarding 
the application process please email plantseiencesia uedavis.edu. 
For information on the position, please contact the chair ofthe search 
committee Dr. David Neale (dbnealeia uedavis.edu). Review of the 
applications will begin August 16,2007, The position will remain open 
until fille. 


The University of California is an Affirmative Action’ 
Equal Oppornmity Emplover 


The Howard Hughes Medical Institute 
invites applications for investigator 
Positions from scientists who 

have demonstrated originality and 
Productivity in biomedical research 
and who show exceptional promise 
for future contributions. 


Eligibility 
# Ph.D. or M.D. (or the equivalent) 
# Tenured or tenure-track position as an assistant 


professor or higher academic rank (or the 
equivalent) at an eligible US. institution 


Four to 10 years of experience since appointment. 
as an assistant professor 

3 Principal investigator on one or more active 
national peer-reviewed research grants with a 
duration of at least three years 


Application deadline: June 13, 2007 


Application information: 
www.hhmi.orglinvestigator2008/sci 


HHMI 


HOWARD HUGHES MEDICAL INSTITUTE 


HHMI investigators are among the most creative and 
promising biomedical scientists in the nation, They 
rigorously pursue significant biological questions, 
develop innovative research tools and methods, and 
lead their scientific fields into new areas of inquiry, 
Working to push the boundaries of fundamental 
knowledge and 
HMI investigators forge links berween basic biology’ 
and medicine, 


ately to improve human health, 


“The Institute seeks to appoint to its investigator 
program approximately 50 outstanding scientists, 

‘This competition will enable HHMI to strengthen 

its community of researchers and bring innovative 
approaches to the study of biological problems not only 
in the biomedical disciplines but also in adjacent fields, 


engincering, and computational 
should apply direetly co HM! 
endorsement is not part of the application process, 


HHMI, a nonprofit medical research organization, 
plays.a powerful role in advancing biomedical research 
and education in the United States, The investigator 
program rests on the conviction that scientists of 
‘exceptional talent, commitment, and imagination 
will make fundamental biological discoveries for 
the betterment of human health if they receive the 
resources, time, and freedom t pursue challenging 
questions. ‘The Institute's investigators, selected 
through rigorous national competitions, include 
11 Nobel Prize winners and 115 members of the 
National Acidemy of Sciences. 


The Howard Hughes Medical Institute is an equal 
opportunity employer. Women and members of racial 
and ethnic groups traditionally underrepresented in the 
biomedical sciences are encouraged to apply. 
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Get the experts behind you. 


www.ScienceCareers.org 


* Search Jobs * Career Forum 
Next Wave * Career Advice 

© Job Alerts * Meetings and 

© Resume/CV Announcements 
Database * Graduate Programs 


All features on ScienceCareers.org are FREE to job seekers. 


Neuroscience Faculty 


Stony Brook University and the Department of 
Neurobiology and Botavior are pleased to announce 
‘2 major initiatve in Neuroscience begining with 
tho recrutment of multiple tenure-track faculty 
‘members atthe Assistant Profesor level in 2007 
Successful caddates wil jin an active and diverse 
‘group of nauroscientsts at Stony Brook University 
‘and its affiatd institutions, and wil participate 
inthe Department's educational missin of under- 
‘graduate, graduate, and medical schoo! teaching 
Outstanding candidates inal feds of neuroscience 
willbe considered, but thoso engagad in a mits 
ciplinary approach to newal circus and behavior 
‘are especially encouraged 1 apply. Applicants 

‘must have a Ph.D. oF equivalent dagree and 
postdoctoral experience, 

Review of applications starts immediatly and wi 
continue unt al postions are fled. Excoptona 
packages include state-funded salary and benefits 
‘newiy renovated lab space, and generous 

start-up funding 

Interested individuals can apply online 

‘at wwrwcstonybrook.edu/cjo or send CV, 
‘statement of research interests, and contact 
information for three references to: 

Faculty Search Comittee, Department of 
Neurobiology and Behavior, ile Sciences 

Bulding, Stony Brook University, SUNY 

Stony Brook, NY 11794-5230 


Releronce Numba: F-A043-07-08, 


aadoyon ann  STTQNNY 
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You got 
the offer 
you always 
dreamed of. 


Now what? 


ScienceCareers.org 
We know science 


NAAAs 


Director for the Thomas 
Jefferson National Accelerator 
Facility (Jefferson Lab) 


Jefferson Science Associates, LLC USA) 
the Southeastern Universities Research 
Association and Computer Sciences 
Corporation Advanced Technologies Division 
Joint Venture that serves as the management 
and operations contractor for the U.S. Depart 
‘ment of Energy's Thomas Jefferson National 
Accelerator Facility (Jefferson Lab) in New- 
port News, Viginia 
applications for the po 
The JSA Board sceks a strong and visionary 
scientific leader with effective management 
skills who enjoys stature among poses in the 
scientific and lab communities. 


The successful cannidate will be responsible 
for leading and managing all Lab initiatives 
and activities in support of a world-class 
research facility, including its strategic and 
long-range planning and its building of a 
comprehensive external relations program, 
to serve and promote the interests ofthe Lab 
and its users. Reporting to the JSA Board, the 
Lab Director is also the President of JS and 
is responsible for the Lab's 700-plus staff 

id total annual budget of approximately 
$100 million 


Jefferson Lab (wwwjlab.org) is a national 
laboratory for nuclear physics research. AS 
1 user facility for more than 2000 scientists 
worldwide, is primary mission isto conduct 
basic research to advance the understanding 
of the fundamental constitucats ofthe atomic 


Facility (CEBAF) and the advanced partic 
detection and ultr-high-speed data-acquis: 
tion equipment in three experimental halls 
Currently operating at 6 GeV, the Lab isin 
the project engineering and design phase of 
$5300 M upgrade ofthe electron accelerator 10 
12 GeV that includes the addition of a fourth 
experimental hall to investigate the origins 
of quark confinement through the study of 
exotic mesons, 


The Lab has achieved US Ieadership and 
world-class status in its core competency in 
superconducting radio frequency accelerator 
1 has applied this capability by 
the superconducting linac of the 
‘Spallation Neutron Source as one of six partner 
labs and itsccks to position itself similarly f 
future Office of Science accelerator construc 
tion projects. By partnering with industry, gov 
crnment and universities, the Lab developed 
the world’s most powerful Free Electron Laser 
thereby providing an opportunity to explore 
diversification into otber scientific arenas. 


Nominations, applications, and inquiries 
should be directed to: Dr. Jerry Draayer, 
1201 New York Ave., NW: Suite 430: Wash- 
ington, DC 20005; draayer@sura.org. For 
timely consideration, submit a resume and 


outline of qualifications accomplishments, 
by 18 June 2007. Dr. 7 


of Yale University and Dr, Ernest Moniz of 
MIT are, respectively, chair and vice-chair of 
the Search Committee. 


ISA is an Equal Opportunity 
Affirmative Action Employer 


Ee] averajobs.org | 


Heathcare 
RESEARCH SCIENTIST & 
RESEARCH TECHNICIAN 
Behavioral Genetics Research 


Avera McKennan in Sioux Falls, South 
Dakota, is seeking applications for the 
ions will be 


following postions. These pos 
responsible for sudying. 
gonctics of behavioral disorders 


molecular 


ReseARCH ScIENTIST/POST-DOCTORAL 
RESEARCHER - Rey. #2339 

A degre in biologie science and a PD 

ia moleclae genetics oa related area with 
post-doctoral sudy is requited. Candidates for 
this postion wll need the alco work 
indepeedendly with minima supervision 
Responsible include serving asa rou 
leader and overseeing the day-to-day activities 
a the Lboratry while supervising a group of 


researchers and bioinformatics analyse 


ReseARCH Assocuare/T 
Rey, #2340 
A.BS in mokeular genetics with several years 
of experience, preferably including an MS in 
at genet, i equite. 


SHNICAN 


Extensive knowledge and experience in the 
‘operation of ABI genetic sequencing ard 
avalis equipment i an essential requirement 
for borh postions. Laboratory experience 

in gens 

studs including genotyping of SNPs 
microsatellites, DNA pooling analysis and 


i linkage and association 


sic aaitical approaches are abo required 
Experience of Alfyrettix gene chip 
technology is prefered 


Applicants will ho need to demonstrate a 


strong interest and recon of achievement 


tn researching the genetic mechunisns of 
complex diseases including a strong, 


publication record in pcr reviewed journal 


South Dakora offers an outstanding family 
‘oriented environment with plenty of activities 
and young at heart. The city’s 

low cost of living - with no state income tax 


and low tases overall ~ and cosmopolitan 
axmosphere provide a pleasant contrast ith 
idyllic ural setting ofthe South Dakota 
countryside 


Avera McKennan offers competitive 


compensation, benefits and profesional 


ies na caring working, 
ns ate open uni filled. 


‘Aver McKennan Hoypital 8 
‘University Health Center 
Human Resourcer 


Averam 
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Does your next career step 
need direction? 


I got the offer!'ve been 


With thousands of job postings, dreaming of 


its lot easierto track down a 


career that suits me 


Fora career in science, 


Now what? 


% Where can I find more grant options? 


Iwant a career, 


Youknow, ScienceCareers.org not just ajob 


is part of the non-profit AAAS 


That means they're putting 
something back into science There's only one place to go for career advice if you value the 
expertise of Science and the long experience of AAAS in 
supporting career advancement - ScienceCareers.org. The 


pages of Science and our website ScienceCareers.org offer: 


‘Thousands ofjob postings _—_* Funding information 
* Career advice articles and tools Networking opportunities 


www.sciencecareers.org 


8th Annual HBCU-UP National Research Conference 


Science and Technology: Knowledge Generators for Global Competitiveness 


OCTOBER 4-7, 2007 » WASHINGTON, DC 
Grand Hyatt Hotel, 1000 H Street, NW 


A national gathering of more than 700 students and faculty working together to enhance the quality 
of undergraduate science, technology, engineering, and mathematics (STEM) education and 
research at the nation’s Historically Black Colleges and Universities. Students will be presenting, 


research in more than 8 STEM fields. 


This is an excellent opportunity for representatives from universities, corporations, and federal 


agencies to promote: 
» Undergraduate Research Opportunities 
Graduate School Opportunities 
» Fellowship & Internship Opportunities 
» Faculty Research Opportunities 


Exhibitor and recruiter information is available at: 


www.HBCU-UP.org 


The HBCU-UP National Research Conference 


is organized by AAAS for the National Science Foundation. 


PEN 


~CIC 
&4 NANOGUNE 


‘The Nanoscience Cooperative Research Center CIC nanoGUNE 
Consolider (www.nanogune.eu) invites applications and 
nominations for three positions as 

Group Leaders 
CIC nanoGUNE Consolider, located in San Sebastian, Basque 
Country (Spain), s a R&D center created recently with the mission 
of conducting basic and applied world-class research in 
fanoscience and nanotechnology, fostering training and 
education excellence, and supporting the growth of a 
nanotechnology-based industry. 
The Group Leaders of nanoGUNE will be responsible for the 
design, management, and operation of their respective Research 
‘Area and laboratories. At the present time, nanoGUNE is 
Welcoming applicants in the following disciplines: 

+ Nanotabrication and nanostructure assembly (#001) 

+ Synthesis of nanomaterials and nanostructures (#002) 

+ Biological nanostructures and nanobiotechnology (#003) 
Candidates should have an outstanding track record of research, 
With an orientation to nanoscience and nanotechnology, a proven 
ability to obtain competitive research funding, and a proven record 
of technological transfer initiatives. Proficiency in spoken and 
written English is compulsory; knowledge of Spanish is not a 
requirement. An attractive remuneration will be offered 

Applicants should forward their CV, a summary of research 
interests, and a list of at least three references to 
director @nanogune. 
Closing date: 30 June 2007 


[Nominations are invited from Heads of 
Research Institutions, Universities and 
‘Medical & Pharmaceutical Colleges, for the 
Ranbaxy Research Awards-2006. 
‘Thera are four Awards of Rs. 1 lakh each, 
for excallence In orginal research, In 
Medical and pharmaceutical Sciences, 


Medical Sciences 
Ono Award wach for Basic Research, 
Modical Research and Ciinical Research. 


Pharmaceutical Sciences 
‘One Award 


‘The sponsored work of Indian scientists, 
bth in India and abroad, together with their 
‘bio-data, research achievements, awards 
recolved in the past and papers published, 
may be forwarded (in 12 bound sets) to 
the Ranbaxy Science Foundation by 
uly2,2007 


DDetais of the procedure are being circulated 
to nomnators and are also available from 
the office of the Foundation and on 
‘our Website. A panel of judges, comprising 
eminent scentsts, wil review the research 
work: Non-resident Indian scientists are also 
cligibieforthese awards. 


Dr. OP. Sood 
Member-Governng Counct 

RANBAXY SCIENCE FOUNDATION 

778, Sect 18, FCO Ra, Uj Var Inti ea 
Gurgaon 122018 ayaa) sia 

Prone: 91126238477 (0) 2200140, 401290140 


POSITIONS OPEN 


ASSISTANT or ASSOCIATE PROFESSOR 
(Neurobiology) 
The Department of Veterinary Biosciences in 


the College of Veterinary Medicine at the Uni 
verity of Illinois at Urbana-Champaign invites ap- 
plications for Assistant oF Associate Profesior 3s 3 
NEUROBIOLOGIST. 


Candidates mast posost a Th.D. oF equivalent 
degree fom an accredited inne. Postloctora 
traning and neurobiology teaching experience are 
Searable: Candidates with a research fous in neuro 
ciuocrindlogy, heoropharmacology, rearotenicok 
ony, or ncttoinaging or wha boll the DVM. 
‘ivent degree are preter 

© aiccefil candate will develop a rescarch 
program ‘which complements casting Department 
Ein campus strengthen ropouctvc ology ex 
Selene and ensiron jologys fal 


‘eterinary curriculum, parbipate in graduate instruc 
tion, and develop an independently finded research 
Program, calms and the ries ao epee 

\ppointment will be full-time, tenure-track (nine 
pine) ones seuricyer bob cin ae pose 

supplementing salary from extramural research 
nts for up to three summer months. The appoint 
ment expected to begin on or after August 16, 2007, 


Salary and rank are negotiable and commensurate 
with qualifications. 


kl electronically submit a 
e, and contact informa 
tion for three 1 Linda Swett, Search 
Coordinator (e-mail: Iswett@uiuc.edu). Questions 
may be directed to Dr, Paul Cooke, Chair; e-mail: 
Preooke@ vaca or telephone: 217-333-6825, 
to ensure full consideration, applic 

scived by fune 15, 2007. Muon, women, 
a scher designated dase ae emounged to apply. The Une 
ey of Minos Higa Oppornaty Limp. 


‘THE UNIVERSITY of CHICAGO 
The Univesity of Chicago's Department of Radi 
ation and Cellular Oncology and the Ludwig Center 
for Metastsis Research & seeking applicants for Fall 
ime RESEARCH ASSOCIATE, JUNIOR 
RANK (Instructor, Awistant Professor) positions 
The primary activity of a Research Assoctate is re 
search in sstocation witha faculty member or team, 
Candidates are required to posses a Doctorate de 
gree and prior reach eapercns n the A of 
Molec and celle biology and/or model of 
imetastags, Compensition te dependant on qualicy 
tions, The Univer provides 3 generous package of 
fringe benefits 
ihr cada shoul abo cian 
bibliography, statement of rescarch, and con 
Yect hibmetion ba duce profs tetteces te 
De. Weichselbaum, ¢/o Janet Riley, Department 
‘of Radiation and’ Cellular Oncology, ‘5758S. 
Maryland Avenue MC9006, Chicago, 1L 60637 
iley@radonc.uchicago.eds. For in 
it about the Univenity of Chicago please 
consult website: http:/ /uchicago.ed. 
The Unio of Chie i an feat Acie gad 
Opponunaty Employer 


POSITION ANNOUNCEMENT 
University of Connecticut 
ASSISTANT PROFESSOR: MOLECULAR 
BIOLOGIST specializing in crop improvement 
Hor deal, se Deparment of Hat Science, 

prs scan #2007102 (website: p/n. 
he.uconn.edu, 


mdomeprocnisd up, 
Incline minor, men, sa pple dh ssi 
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ASSISTANT DIRECTOR, FLOW CYTOMETRY 
[AND CELL SORTING CORE 
Apia are ied for Ania: Dies, 
Flow Gyometn and Cl Sorting FACS) Core Fach 
{yinthe Univesity of South Catlins Schoo of Med 


FACS Core and 50 percent time dedicate to de- 
sclopment of an indimdual’s own rexcarch program 
The FACS Core will be a serice facility developed 
to asist other Principal Investigators and their lab 
‘oratories in experiments that invoke analysis and 
cellsorting technologies. A strong background in 
immunology, eapenence in hands-on operation of a 
and interpretation of FACS data are 
A background in stem cell biology 
Searable. The cartidates can have recarch experh 
fence in any arca of biomedical sciences akhough 
[preference will be given to those interested in cancer, 
HIV/AIDS, or cardiovascular development and 
discase, Review of applicants will begin smmediately 
fand continue until the posit 
‘should submit their 
plans, and three letters 


reference to De. Robert 
Price, Director, Instrumentation Resource Facil: 
ity, University of South Carolina School of Medi: 
‘cine, Columbia, SC 29208. E-mail: price@med. 


seedu. The U 
n 


in an Afra 


rnity of S 
‘ipl OpponinityIntnaion 


DIRECTOR, Division of Viral and Rickettsial 
Diseases (DVRD), the National Center for Zo0- 
notic, Vectorborne and Enteric Diseases 
(NCZVED), CDG, is seeking an exceptional can 
dlidate for the postion of Director, DVRD. The 
mmission of DVRD is to prevent dines and death 
‘caused by vial and rickettsial infectious diseases of 
‘public heakh importance in the United States and 
throughout the work. The Division fully integrates 
mexlern laboratory and epidemiologic science for the 
accomplishment of it mission; discase surveillance 
And epatemiologic ict investigations are antegatea 
‘with microbvologic and molecular biological labors 
tory tehnologes and many special reference diag 
nostic services. These programs are national and 
Intemational i seupe and invedve bberatory research, 
surveillance, medical, and epatemiology service activ 
ies. The Dirctor ovences comples scientific and 
‘epkcmiological programs in the fel! of viral and 
Fickensial diseases, and working with DVRD staff, 
conceives and establishes program plans and objec 
tives and provides overall direction in their accom 
lishment, and provides guidance in program 
evelopment and Menticabon of scientiic Roak. 

Wires made before May’ 14, 2007, may be 
directed to Dr. Mark Eberhard, Chait, Search 
‘Committee, a emai meberhand@ede-por- CDC li 
an ipl Oppo Expr, 


POSTDOCTORAL RESEARCH SCIENTIST 
‘Tissue Engineering and Regenerative Medicine 
Laboratory (TERML) 

Columbia University Medical Center 

We seck a self motivated individual (Ph.D.) with 
‘expert in molecubr biology’ and molecular genet- 
fics and previous documented experience trans 
genic models with presious publication record i 
these areas. Abity 10 work collaboratively with stem 
cell biologist, biocngincers, and computer-aided 
design and computer-aided manubicturing eng 
neers, with a common goal to engincer biologically 
derived tissues and organs. Position is grant-funded 
and is available immediaely; salary commensurate 
‘with experience. 

‘Applicants should send a statement of career goals, 
speatic research interest, contact information for 
three references, and fulHlengsh curriculum vitae t0 
Sarah Kennedy (e-mail: &k2848@columbia.edu). 

Columba University ss an ABirmatie Aion gual 
Opporsinty Employer. 


What’s 
your 
next 
career 
move? 


Get help 
from the 


experts. 


wwwsciencecareers.org 


Job Postings 
Job Alerts 


Resume/CV 
Database 


* Career Advice 
from Next Wave 


* Career Forum 


* Graduate 
Programs 


Meetings and 
Announcements 


ScienceCareers.org, 


We know science VAAAS 


www.sciencecareers.org 


4 G A L E F ean 


prize 


International Ramon 


Jn ecology Margalef Prize in Ecology 
and environmental 
sciences epee 


The main objective is the recognition ofa scientific career 
‘or discovery in ecology or another environmental science 
which has signficantly contributed to scienfic knowledge. 
It's awarded fo ving indivduols, to legal entities ro 
{gr0upS fom all ver the word. 

The prize is worth. 100,000 


NOMINATIONS 


Nominations con be submited by quolited representatives 
‘of universities, higher inttions of learning research 
conites, winners ofthe Prize in previous years or former 
members of the Jury 
They shouldbe submited through o eter o statement of 
well reasoned justification, accompanied by a curriculum 
vite ofthe candidate. 

The nominations should be addressed tothe Technical 
‘Secretariat ofthe Prize, Presidency Ofice othe Autonomous 
‘Government of Cotolonia IGeneraltat de Catalunya 


For detailed information please refer to: 
www.gencat.cat/premiramonmargalet 


areers.org 


nceC 
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POSTDOCTORAL POSITION 
A Posdoctral potion savalabl immediatly 
in the Sdnbiger Laboratory, with NIH nding for 
four yeas The Laboratory ivesigaing regener 
on in Drompile imaginal dcr and we have 
recently Seonied thre genes necessary for the lcs 
ton and tang of bite formation, These gence 
i have verre homologues, Our work sree 
& fandamcnal queston 2 Scvdopecotal Mokgy 
tua wil provide bn cpporseny forte anne 6 
1 cert ths mea: Applian sould tres 
PhD. shave experience n mokeiar genet, abe 
work independent and havea song picion 
recon Applications sould inch coma 
fia chee feferenccs. Hee eapested thar canes 
wil apply forthe own finding daring these ear 
Applications should sent 10: Gerold Schub 
Department of Biology, P.O. Bor 351800 Unt 
tersty of Washington Seattle, WA 98195-1800, 
‘Telephones 206543-8158, e-mail, perokden, 
washington, 
The Cnty of Walingin & an Aoi A 
5p pyr, Lahey al 
yey aed af ond 


INSTITUE of HUMAN VIROLOGY 
University of Maryland School of Medicine 
Baltimore, Maryland 


The Institute of Human Virology is seeking co fill 
a TENURE-TRACK FACULTY POSITION 
‘vith an investigator with the ability to establish an 
independent research program centering on the 
molecular biology/irology of human papilloms 
virus and ity interactions with hose cell factors, 
‘especially those relevant to cancer, The successfal 
‘candidate will have a demonstrable track record of 
mblications in pccr-evicw 
peer-reviewed fund 
cr. The level of appointm 
commensurate with the candidate's experience 
Interested applicants are requested to forward 
curriculum vie in PDE format to: Chaieperson, 
THY Faculty Search Committee, Institute of Hu- 
man Virology,725 W. Lombard Street, Baltimore, 
Mp 21201, 
"The Univenity of Manlio, sinew, © am Equal 
Afirmative Aion Eimdoyr 


Opportunity 


RESEARCH TRAINING FELLOWSHIP 
Yale University School of Medicine 
Underrepresented minority openings fora t 
three-year NIH-suppor octoral training 
program in vascular biology (molecular and trans 
onal) with rolling admission at the Yale University 
School af Medicine. Interested candidates shoul be 
M.Ds, PhDs, or M.D./Ph.D.s, may have com: 
pleted clinical training, and mart be US. citizen or 
‘permanent residents, Contact: 
Jeffrey R. Bender, M.D. 
Yale University School of Medicine 
Anlyan Center for Medical Research, S-469A, 
'300 Cedar Street 
P.O. Box 208017 
New Haven, CT 06510 
E-mail: jeffrey bender@yale.edut 
RESEARCH ASSOCIATE/SENIOR 

RESEARCH ASSOCIATE 
T cell and APC signaling and T cell Function, 
Candidates will build upon new insights concerning. 
cooperation between innate /adaptive imaunity 
Welkfuded and highly productive Laboratory of 
14 with four faculty. Contact: M. Edward Medof, 

M.D., Ph.D. E-mail: mxm16@case.edu. 


RESEARCH ASSOCIATE (multiple positions) 
with experience in mass spectrometry. Send resume 
to: J. Schenkel, Case Western Reserve University, 
School of Medicine, 10900 Euclid Avenue, 
BRB933, Cleveland, OH 44106. Must reference 
job code FF4007, 
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Sccking POSTDOCTORAL RESEARCH 
FELLOW in Winston-Salem, Forsyth County, 
North Carolina, Requires knowledge in biochemical, 
hiwopathological and heratologeal research. Per 
form soxtium docs! sulfste-polsacr amide gel elec 
trophoresis and Western blot anahsis on ‘samples 
from transgenic mouse facility and from tissue cok 
ures, Care and maintain stable CHO Apo A-L mut 
tant cell ines in tissue culture as well as HepG2 and 
COS cells. Requires espericnce ia protein expression 
using Eceli hosts and the purification of thee pro 
teins using classical biochemical techniques, Re 
‘quires use of these expressed protein in. preparing 
ddiscotdal recombinant bpid protein compleses, liad 
‘extraction, uypsin digestion and mass spectroscopy i 
‘onde to map the tertiary structure ofthe lipid binding, 
apoprotein, Requires Ph.D. in biology oF biochem 
istry. Requires: knowledge and use of mass spectrom 
ter, So Years of expericnce with mass spectrometer 
machines; and use of high performance liquid 
chromatography machines. Salary $48,298 a year 
Vork schedule: Monday through Friday, 8:30am. t0 
pam. Send resumes by fax: 484-270-1600 or by 
‘mail to: Backlog Elimination Center, Employ 
ment and Training Administration, Division of 
Foreign Labor Certification, 1 Belmont Avenue, 
Suite 220, Bala Cynwyd, PA 19004. Reference 
ETA case number 1-05 9 replics 
Afr 


We scek a Postdoctoral Fellow with experience in 
working with human ES cells to join a privately 
Funded laboratory in Manhattan awociated with 
‘Columbia University. The candidate will use motor 
ncuron derived trom new ES celllines to study disease 
mcchanisms in amyoerophic teal skrows and spunal 

uscular atrophy. The work will be carriad out in 
collaboration with scientist at the Harvard Stem Cell 
Institute and the Memorial Sloan-Kettering Cancer 
(Center. The fellowship is for three years, Salary i 
‘excess of $48,000, commensurate with experience 

“Applications consisting of full curriculum vitae and 
‘covering letter with details of at least two references 
‘shoul be sent to 


Mary Lee 
Project ALS/Jenifer Estess Laboratory for Stem 
Call Research 
E-ouil: projectalsemploy@ gmail.com 

Inttp:// www projectalsorg 


partment of Radi 
Lidig Center 


ation and Calllae Onceloge sad d 

Metastasis Research is sccking. applicants for 
fullsime POSTDOCTORAL SCHOLAR POST- 
TIONS. The primary activity of 4 Research Associ 
ate is esearch in association with a faculty member 
for ream. Candidates ae required to possess a Doc 
gree and prioe research experience in the 
‘of molecular and cellular biology and/or models 
lof metasease 

Interested candidates should submit curriculum 
vitae, bibliography, a statement of research, and 
Contact infemation for thres professonal references 
to; Dr. Weichselbaum, ¢/o Janet Riley, Depart 
‘ment of Radiation and Cellular Oncology, 5758 
S. Maryland Avenue MC9006, Chicago, IL 
(60637 or via e-mail: jriley@radonc.uchicago.cdu. 


POSTDOCTORAL POSITIONS 
‘Molecular Microbiology and 
Pathogenesis of Bacterial and 

Viral Infections 
National Insitute of Alley and Infections Dis 
cases taining. grantunded Posdectoral positions 
dre avaiable at the University of Colorado Heath 

Sciences Center to sudy molecular mechanisms of 

tecteril infections (with Randall Holmes Michael 

Schurr, Michael Vasil, Andres Vazquce-Torres, 

for Martin. Veskuil), molecular apects of viel 

inkctions (with David Barton, Thomas Campbell, 

Robert Garces, Donald Gilden, Kathryn Holmes, 

Jerome Schanck Kenneth Tyler, or Linda Van Dy 

ccular fan of nate anmunity (with. Charles 

Bro, sonia Rory Ane Vaqur-Torren, 

or structural biology of mk 

Sc wcbaite he ichs 
d/um/microbio/ f e/a maa 

a a ie 

funding. and ‘rating covironment are excellent 

Gandistes with Phi. or cullen research de 

frees must have experience in microbiology, bacte 

 sirology, imunology, molecular bi 
fenctic, biochemistry, cell frog, sr 

‘logy, or a related Held, Candidates with 

DIM, oF equivalent clinical degrees must have 

Alcmonstrated Competeny for research related to 

‘our program, Indniduah from ‘underreprese 

troops ft the Qiomedial sciences are en 

{o apply, Compensation is termined by NIH 

sites Applicant for these prcions mut be tient 
br permanent renidets ofthe United Sint. Submit 
curriculum sige, bibliography, and name of three 
prfessnnal references to: Training Program Dice: 
for, UCHSC. at Fitesinony, Microbiology De- 

partment, Mail Stop 8833, 1.0. Box 0811, 

Rurors, CO. 80085 or emul randall holmes® 

Sched. The Line of Cal Heth Sones 

tel onmtid we Egaal Oppetenty nd Anat Aci 


DIRECTOR, Neuroscience Imaging and Phy 
iology Facility, University of Vermont. Duties: 
maintain systems, train users, design experiments, 
collect data, Opportunities: collaborate with re" 
Searchers and teach optical imaging course. Facility 
fncludes: BioRad Radice multiphoton microscop 
pplied Precision Delavision ‘restoration  mieto 
scope, Nikon total internal reflection. microscop 
ratiomctric imaging wstem and Noran laser scanning, 
‘confocal microscope, and clectrophys 
ment. Minimum qualifications: Master's degree in 
related science and thrce to five years of experience 
confocal, multiphoton, and deconvolution mi: 
croscopy as applied to cell biological problems 
for an equivalent combination, Ideal: ne 
ie backggound, computer expertise, excellent, 
personal and communication skills, Apply 
fonline, website: htp://www.uvmjobs.com. The 
Cnet of Vermont tga! Oppo Annie 
Aryans font uf people from 
onal hudson emoune. 


pins 


Custom Peptide 10mg 90%: $19.59/aa 
‘AB Production $785 peptide included 


Gene Synthesis 
siRNA 


$1.20p 
20 nmol PAGE purified: $285 


The Univey of Chiage tax Alfomaine Aden Eee! 
Opporminty Employer 


POSTDOCTORAL POSITION yailable at 
the University of California, Los Anges, to study 
Regulatory T cells developmicat and function (Na 
ture Immunolegy. 8:359-68, 2007, Journal of 
Immunology 178:2961-72, 2007), Espencnce in 
‘molecubr biology and immunology desirable. Send 
‘curriculum vitae, a brief description of research ex 
perience, and names of three refercaces to Dr. Talal 
‘Chatila (e-mail: tchatila@mednet.ucla.edu). 


Immunochemical Reagents 


MiProteine/Seohavoeel re eerFICOLL 
BIOSEARCH — +1.800,GENOME.1 


atin 


www sciencecareers.org 


The most wonderful 
discovery made by 
scientists is science itself. 


Jacob Bronowski 
‘Mathematician (1908-1974) 


R&D Systems Proteome Profiler” Arrays 
Simultaneously detect multiple proteins in a single sample. 


R&D Systems offers 


these Array Kits: HRP-labeled streptavidin 
Human Cytokine poring 7 
Atay Kit Panel A _——~ 
Biotin 
rian Pai: 4 detection substrate 


capture 


Array Kit antibody 


Human Phospho- 
Mitogen-Activated 
Protein Kinase Proteome Profiler Arrays enable the measurement of the relative levels of phosphorylation 
(MAPK) Array Kit fr abundance of multiple proteins in a single serum, plasma, or cell culture supernatant 

y sample. Proteome Profiler kits contain buffers, detection antibodies, and membranes 

- Human Phosph spotted in duplicate with capture antibodies carefully selected for their specificity. And 

Receptor Tyrosine with chemiluminescent detection, no specialized equipment is necessary. 


Kinase (RTK) Array Kit 


Highly specific Ser Efficient 


oytokine 
US. canada 
AD Systema In Sample data for R&D Systems Human Cytokine Array, Panel A demonstrating high-throughput 
Tek oo) 437475, multi-analyte profiling of 36 cytokines, chemokines, and acute phase proteins in a single sample of 
IntooRadsysems com PBMC supernatant. 


europe 
RAD Systeme Europe td 
Tel: $44 (r235s20649 


InloeeDSynemcouk 


For more information visit our website at www.RnDSystems.com/go/ProteomeProfiler —! 


Salonen cape 


Ferenc eo Rte m peri prces 


Selection expanding weekly—visit www.RnDSystems.com RD 
to sign up for weekly new product updates. 


SYSTEMS” 


